Development of Improved Methodologies Toward the Formation of C-C and C-N Bonds by Ahmed, Ijaz
Syracuse University 
SURFACE 
Dissertations - ALL SURFACE 
January 2015 
Development of Improved Methodologies Toward the Formation 
of C-C and C-N Bonds 
Ijaz Ahmed 
Syracuse University 
Follow this and additional works at: https://surface.syr.edu/etd 
 Part of the Physical Sciences and Mathematics Commons 
Recommended Citation 
Ahmed, Ijaz, "Development of Improved Methodologies Toward the Formation of C-C and C-N Bonds" 
(2015). Dissertations - ALL. 314. 
https://surface.syr.edu/etd/314 
This Dissertation is brought to you for free and open access by the SURFACE at SURFACE. It has been accepted for 
inclusion in Dissertations - ALL by an authorized administrator of SURFACE. For more information, please contact 
surface@syr.edu. 
 
 
Abstract 
Organometallic chemistry provides valuable tools for the formation of carbon-carbon and 
carbon-heteroatom bonds that would otherwise require multiple steps and resources to achieve 
through conventional methods. Studies toward the regioselective and stereoselective formation 
these types of bonds using different organometallic methods will be presented. Three focal areas 
have been studied: C-N bond formation, C-H borylation, and silylvinylation of alkynes.  
In Chapter 1, palladium-catalyzed amidation has been used to effectively form C-N 
bonds toward the synthesis of valuable imidazo[4,5-b]pyridines and imidazo[4,5-c]pyridines. 
The reaction conditions are tolerable for a variety of N-substituted-3-amino-2-chloropyridines. 
All current routes to expand the substrate scope in regards to substitution on the pyridine ring 
will be discussed.  
Chapter 2 will detail a new method for the synthesis of 3,3’-bis-arylated BINOL 
derivatives through an ortho C-H borylation of commercially available (R)-BINOL followed by 
an in situ Suzuki-Miyarua coupling. Conventionally, these compounds are made via time-
consuming multi-step routes. Development of this new method, which takes a total time of 24 
hours with only a single purification step, will be discussed in detail.  
In Chapter 3, ruthenium hydride-catalyzed silylvinylation of alkynes under an ethylene 
atmosphere has permitted the facile formation of highly functionalized diene systems. The 
synthesis of conjugated diene systems has been of great interest due to their prevalent appearance 
in naturally occurring compounds. Derivatizations of these novel diene systems will be 
presented, including a rare method for the trans-silylformylation of alkynes. 
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“No incongruity canst thou see in the creation of the Gracious 
God. Then look again: Seest thou any flaw? Aye, look again, and 
yet again. Thy sight will only return to thee confused and 
fatigued.” 
 
The Holy Qur’an, Chapter 65, Verses 4-5 
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1.0  SYNTHESIS OF IMIDAZO[4,5-B]PYRIDINES AND IMIDAZO[4,5-C]PYRIDINES: 
EXPANSION OF SUBSTRATE SCOPE 
1.1 INTRODUCTION 
The use of transition metals to catalyze organic transformations has been an area that has 
received much attention over the past half-century. Although transition metals, depicted in 
Figure 1, were initially used by chemists during the mid-18
th
 century, the expedition into the 
limits and capabilities of organometallic chemistry escalated during the last half of the 20
th
 
century.
1
 
Figure 1: Transition metals in periodic Table. Image Credit: MIT 
 
 A major focus has been aimed to use organometallic chemistry for catalyzing or 
mediating the coupling of two or more molecular entities.
2
 Recently, in 2010, the Nobel Prize in 
2 
 
 
chemistry was awarded to Richard F. Heck,
3,4
 Ei-ichi Negishi,
5
 and Akira Suzuki
67
 for the 
development of palladium-catalyzed cross-coupling reactions (Scheme 1). These coupling 
reactions have provided organic chemists with the ability to efficiently form C-C bonds. C-H 
bonds are relatively stable and unreactive under a majority of conditions. To successfully achieve 
the coupling between two carbon atoms, one or more of the coupling partners needs to be 
activated either with a halogen (I, Br, Cl) or pseudo halogen (Sn, B(OH)2).  
Scheme 1: Heck, Negishi, and Suzuki couplings 
 
Besides forming C-C bonds, organometallic complexes have also aided in the formation 
of carbon-heteroatom bonds.
8,9
 A widely used tool in synthesis is the formation of C-N bonds 
using palladium catalysis.
10
 This method has been used for the synthesis of a variety of amides, 
aryl amines, and alkyl amines. Palladium was first used to catalyze the formation of C-N bonds 
in 1983 by Migita and co-workers. They coupled a handful of aryl bromides 1.10 with N,N-
diethylamino-tributyltin 1.11 to provide the requisite diethylanilines 1.12 in moderate yields 
(Scheme 2).
11
 The use of harmful organotin reagents was unattractive and a year later, Dale 
Boger and James Panek published the intramolecular palladium-mediated formation of an C-N 
bond without the use of tin.
12
 
 
3 
 
 
Scheme 2: Initial studies to form C-N bonds using palladium 
 
 However Panek, Boger, and Migita aren’t credited as the leading developing scientists in 
the field of C-N bond formation. That credit is often granted to John F. Hartwig and Stephen L. 
Buchwald. Roughly ten years after the work by Migita et al., both Hartwig and Buchwald 
provided improvements and insight into Migita’s work.
11,13
 A year later, both research groups 
concomitantly demonstrated that the use of strong bases, such as KOtBu and LiHMDS, allowed 
a tin-free coupling.
10,14
 Since then, both research groups have been at the forefront in developing 
improved methods and expanding the scope of the reaction.
15-18
 Building upon his success with 
amination chemistry, Buchwald applied similar conditions toward the intramolecular amidation 
to produce benzamide 1.16 (Scheme 3).
19
 The scope of this protocol was severely limited and 
only worked for intramolecular reactions. Furthermore, the ligand utilized was rather expensive 
and a few years later, he published the intramolecular amidation using xantphos (L5) as the 
ligand.
20 
Buchwald’s first intermolecular amidation reaction was also accomplished using L5 as 
the ligand.
21,22
 The conditions using L5 provided high yields for a broad range of substrates. 
 
 
 
 
4 
 
 
Scheme 3: Examples of Buchwald’s first intra- and intermolecular amidation reactions 
 
More recently, Huang and co-workers utilized a palladium-catalyzed amidation using L5 
for a one-pot synthesis of 4-quinolines (Scheme 4).
23
 L5 has also been used to effectively couple 
enol triflate 1.23 with amides to produce enamide 1.24.
24
 Aminations have also been achieved 
using L5 as a ligand. Yin and co-workers developed conditions to arylate heteroaryl amines 
using L5 as the ligand in high yields, which permitted the first reported palladium-catalyzed 
arylation of 2-aminothiazoles.
25
  
Scheme 4: Palladium-catalyzed amidations using xantphos (L5) 
 
The use of L5 for palladium-catalyzed amidations and aminations has become rather 
attractive due to its low cost and feasibility. When looking at the list of commonly employed 
ligands for these couplings, it becomes apparent that bidentate ligands, like xantphos (L5) and 
5 
 
 
DPEphos (L6), are substantially cheaper than the biaryl ligands popularized by Buchwald et al 
(Figure 2).  
Figure 2: Ligands L1-L6 used in palladium-catalyzed C-N bond formation
a 
 
Palladium-catalyzed C-N couplings have become increasingly significant in heterocycle 
synthesis and the development of vital pharmaceutical targets.
26-30
 However, the scope and 
limitations of the reaction vary. For instance, amides, sulfonamides, carbamates and ureas 
present challenges ranging from poor nucleophilicity to loss of catalyst activity as a result of 
amide coordination with the metal. Herein, the synthesis of valuable imidazopyridines by means 
of a palladium-catalyzed amidation will be discussed. 
1.1.1 Synthesis of imidazo[4,5-b]pyridines and imidazo[4,5-c]pyridines 
Imidazo[4,5-b]pyridine 1.25 and imidazo[4,5-c]pyridine 1.28 are valuable motifs that can 
biologically mimic the extensively studied benzimidazole core structure.
31-33
 They hold a variety 
aPrices from Sigma Aldrich 03/05/15 
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of pharmacological properties
34
 along with other biological activities,
35-45
 and are present in a 
host of pharmaceutical targets (Figure 2).
46,47
 Compound CCT129202 (1.27), for example, has 
shown remarkable activity toward the inhibition of Aurora kinases. The Aurora family of kinases 
is responsible for various cellular and gene functions and overexpression of these enzymes has 
been linked to genetic instability, as well as a broad range of tumors.
43
 Furthermore, Pentosidine 
(1.26) is an advanced glycation endproduct that bears an imidazo[4,5-b]pyridine core. There has 
been a growing interest in pentosidine as a biochemical marker for various disesases ranging 
from diabetes and kidney-related diseases to aging and age-related diseases.
48-55
 Moreover, 
compounds bearing an imidazo[4,5-c]pyridine core, such as ageladine A and 3-deazaadenosine, 
have also shown excellent biological activity.    
Figure 3: Biologically active compounds containing imidazopyridines  
 
Surprisingly, the synthesis of these interesting motifs has been limited due to unselective 
functionalization, specifically at the N1 position. The first synthesis of imidazo[4,5-b]pyridines 
was accomplished by Ogura et al. in 1979. Reaction of glycol isocyanate with diaminopyridine 
7 
 
 
1.31 provided a thiourea intermediate, which underwent a cyclodesulfurization to achieve amino 
imidazo[4,5-b]pyridine 1.32 (Scheme 5). The reaction was high yielding but only a single 
example was presented in the paper.
56
 In 1994, Chris Senanayake demonstrated a magnesium 
mediated formation of imidazo[4,5-b]pyridine 1.34 from urea 1.33. Urea 1.33 was achieved as 
crystals through a two-step procedure involving a condensation followed by a Hofmann 
rearrangement. The problem with these two examples is the lack of substitution at the N1 
position.
57
 Derivatizing the final product by alkylation would produce a mixture of products.
58,59
 
The N3 position would have to be alkylated prior to formation of the imidazopyridine. Tanga et 
al. synthesized the methyl substituted amino imidazo[4,5-b]pyridine 1.36 via a cyclization using 
cyanogen bromide.
60
 The starting pyridine 1.35 was obtained by alkylating 2,3-diaminopyridine 
1.31. Although 2,3-diaminopyridine 1.31 is commercially available, it is difficult to 
regioselectively alkylate one of the amines over the other which severely limits the substrate 
scope. 
Scheme 5: Traditional synthesis of imidazo[4,5-b]pyridines 
 
As alluded to previously, alkylation of an unsubstituted imidazopyridine results in a 
mixture of regioisomers.
58,59
 The synthesis of N3 substituted imidazopyridines, however, was 
accomplished by the groups of Buchwald and Ma in 2007. Buchwald et al. described the 
8 
 
 
amination of 2-chloro-3-amidopyridine 1.37 with 2-methylaniline followed by dehydrative 
cyclization to achieve the N3 substituted imidazo[4,5-b]pyridine 1.38 (Scheme 6).
61
 Of note, 
only a single example of synthesizing an imidazo[4,5-b]pyridine was reported alongside a single 
example of an imidazo[4,5-c]pyridine. Ma and co-workers utilized a similar route using a copper 
catalyzed amination followed by cyclization.
62
 Similar to Buchwald’s report, only two examples 
using pyridines were reported. 
Scheme 6: Synthesis of N3 substituted imidazo[4,5-b]pyridines 
 
Our group sought a selective protocol for the synthesis of N1 substituted imidazo[4,5-
b]pyridines and imidazo[4,5-c]pyridines. The work completed by Buchwald and Ma 
demonstrated the utility of using a metal-catalyzed amination toward the synthesis of 
imidazopyridines. It was envisioned that a similar approach could be utilized but via a metal-
catalyzed amidation. To this end, the Clark group successfully developed an approach toward the 
synthesis of imidazo[4,5-b]pyridines by coupling N-substituted 3-amino-2-chloropyridines 1.41 
with the respective amide coupling partner 1.42a-c (Scheme 7).
63
 The reaction proceeded 
through a palladium-catalyzed C-N amidation followed by cyclization and dehydration to 
produce imidazo[4,5-b]pyridine 1.43. N-substituted aminopyridines 1.41 could be easily 
achieved by reductive amination of commercially available 3-amino-2-chloropyridine.
64
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Optimization of the reaction conditions revealed that both L1 and L2 worked as ligands for the 
reaction. The amide coupling partners examined in this study were formamide, acetamide, and 
benzamide. Substitution of the pyridine ring in 1.41 were not extensively studied due to lack of 
availability. The synthetic benefit of this methodology was showcased in our total synthesis of 
pentosidine 1.26 (Figure 3).
65
 Currently, our route stands as the most efficient, high through-put 
method for the synthesis of pentosidine in the literature. 
Scheme 7: Synthesis of imidazo[4,5-b]pyridines 1.43 and imidazo[4,5-c]pyridines 1.45 
 
Our work was later extended toward the synthesis of imidazo[4,5-c]pyridines 1.45 using 
the analogous Me3(OMe)t-BuXPhos L4 ligand (Scheme 7).
66
 Initial efforts were hindered due to 
difficulty in obtaining a variety of N3 substituted aminopyridines 1.44.
67
 The previously 
employed reductive amination protocol
64
 did not work favorably for the synthesis of N-
substituted-3-amino-4-chloropyridines 1.44, thus, they were synthesized via alternative methods.  
Due to the aformentioned limitations for synthesizing imidazo[4,5-b]pyridines and 
imidazo[4,5c]pyridines, we sought improved methods and procedures to expand the substrate 
scope. 
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1.2 IMPROVED PROCEDURE FOR SYNTHESIZING IMIDAZO[4,5-B]PYRIDINES 
A major drawback to the above-mentioned method for synthesizing imidazo[4,5-
b]pyridines 1.43 was the need for costly ligands that were time-consuming to prepare. It was 
observed that biarylphosphine ligands exhibited the only positive results during our studies 
toward synthesizing imidazo[4,5-b]pyridines 1.43. Bidentate ligands such as xantphos L5 and 
DPEphos L6 provided little to no product. Xantphos L5 has previously been reported to work for 
palladium-catalyzed amidations and aminations.
20-22,25,68-70
 After extensive scrutiny of the 
literature, we discovered that alcoholic solvents were primarily used when biarylphosphine 
ligands were employed. On the other hand, aprotic solvents were favored when bidentate 
phosphine ligands were used.
27,63,71-74
  As such, we speculated that chelating phosphine ligands 
would participate in our chemistry in nonalcoholic solvents.  
To test this hypothesis, a re-examination of the reaction conditions using pyridine 1.41a 
was performed (Table 1). Previously using t-BuOH as a solvent L5 provided no reaction. When 
the reaction was run in toluene, the product was obtained albeit in 22% yield along with 42% of 
reduced pyridine 1.46 (Table 1, entry 2). Pyridine 1.46 had not been observed previously and 
was synthesized via an alternative route for structural confirmation. Interestingly, no reduced 
product was observed when coupling to an amide other than formamide,
75
 suggesting that 
formamide may promote the reduction.
76,77
 Little is known about the exact mechanistic nature 
and more studies will need to be conducted to verify this speculation. To improve the yield of 
1.44a and diminish the formation of reduced 1.46, other solvent systems were evaluated. 
Eventually, it was found that a mixed solvent system of 10:1 1,4-dioxane:t-amylOH provided the 
product in high yield with little to no reduced pyridine 1.46 (entry 6).
78,79
 tert-Amyl alcohol was 
11 
 
 
chosen for practicality reasons since it exists as a liquid at room temperature as opposed to t-
BuOH, which is a solid at room temperature. Alternatives to t-amylOH as a co-solvent were 
explored but reduced yields were obtained with undesired formation of reduced 1.46.  
Table 1: Solvent screen using L5
a,b 
 
Entry Solvent Yield 1.43a
c
 Yield 1.46
c
 Reaction Time 
1 t-BuOH NR NR 18h 
2 Toluene 22  42 18h 
3 1,4-Dioxane 83  15 18h 
4 DME 22  31 18h 
5 Diglyme 33 0 18h 
6 Dioxane/t-AmOH (10:1) 93%
d
 -- 6h 
aWork performed by Dr. Adam J. Rosenberg bReaction Conditions: 1.41a (0.4 mmol), 
Pd2(dba)3·CHCl3 (0.004 mmol, 1 mol %), L5 (0.02 mmol, 5 mol %), formamide (0.6 mmol), K3PO4 
(0.6 mmol), solvent (0.2 M), 110°C. cYield determined by 1H NMR using mesitylene as an internal 
standard. dIsolated Yield. 
 
With these conditions in hand, we investigated the scope and limitations for synthesizing 
imidazo[4,5-b]pyridines 1.43 by this method. Electron rich and electron poor benzylic 
derivatives provided good to excellent yields (Table 2, entries 1-8). Of note, the o-chlorobenzyl 
substrate 1.43g was obtained in a substantially improved yield of 79%, compared to 51% yield 
under the previous conditions (entry 7). Also, these conditions provided an excellent yield of 
94% yield of 4-chlorobenzyl substrate 1.43h (entry 8). Benzyl and 4-phenylbenzyl substrates 
provided excellent yields without any racemization of 1.41k (entries 9-11). Electron donating 
and electron withdrawing functionality on the benzyl ring were well tolerated (entries 12-15). 
Aryl and aliphatic substrates also provided good yields (entries 16-20). Even the sterically 
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encumbered cyclohexyl and cyclohexylmethyl substrates provided yields of 77% and 63%, 
respectively.  
Table 2: Substrate Scope
a 
 
Entry R Yield (%)
b
 Product 
1 CH2(4-OMeC6H4) 1.41a 93 1.43a 
2 CH2(2,4-OMeC6H3) 1.41b 81 1.43b 
3 CH2(2,5-OMeC6H3) 1.41c 85 1.43c 
4 CH2(4-Me2NC6H4) 1.41d 94 1.43d 
5 CH2(3-FC6H4) 1.41e 94 1.43e 
6 CH2(4-FC6H4) 1.41f 96 1.43f 
7 CH2(2-ClC6H4) 1.41g 79 1.43g 
8 CH2(4-ClC6H4) 1.41h 94 1.43h 
9
d 
CH2(4-PhC6H4) 1.41i 70 1.43i 
10 CH2Ph 1.41j 85 1.43j 
11 (R)-CH(CH3)Ph 1.41k 96 1.43k 
12
c
 CH2(3,5-OMeC6H3) 1.41l 71 1.43l 
13 CH2(4-CF3C6H4) 1.41m 95 1.43m 
14 CH2(3-NO2C6H4) 1.41n 57 1.43n 
15
c
 CH2(4-CNC6H4) 1.41o 70 1.43o 
16 Ph 1.41p 94 1.43p 
17
d 
CH2(C6H11) 1.41q 77 1.43q 
18
d 
Cy 1.41r 63 1.43r 
19
 
Cyp 1.41s 85 1.43s 
20 i-Pr 1.41t 91 1.43t 
aReaction Conditions: 1.41a-1.41t (0.4 mmol), Pd2(dba)3·CHCl3 (0.004 mmol, 1 mol 
%), L5 (0.02 mmol, 5 mol %), formamide (0.6 mmol), K3PO4 (0.6 mmol), solvent (0.2 
M), 110 °C, 6.5h. bIsolated Yields. c2 mol % Pd2(dba)3·CHCl3 & 10 mol% L5. 
dPerformed by 
Ijaz Ahmed 
 
 Another advantage of these conditions is that the scope of the amide coupling partner was 
expanded. Under these conditions, benzamide and acetamide smoothly provided 1.47 and 1.48 in 
78% and 83% yields, respectively (Table 3). These yields were slightly improved from our 
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previous method. Cyclohexanecarboxamide and trans-cinnamamide provided 1.50 and 1.49 in 
79% and 96% respectively. Furthermore, furanamide also provided an excellent yield of 97%. 
Table 3: Scope of amide coupling partner
a,b 
 
aWork performed by Dr. Adam J. Rosenberg bReaction Conditions: 1.41a or 1.41c(0.4 mmol), Pd2(dba)3·CHCl3 (0.004 mmol, 1 
mol %), L5 (0.02 mmol, 5 mol %), 1.42b-f (0.6 mmol), K3PO4 (0.6 mmol), 1,4-dioxane (1.85 mL), t-AmOH (0.15 mL)), 110°C. 
All yields are isolated yields. 
 
An improved protocol for the synthesis of imidazo[4,5-b]pyridines 1.43 has been 
established that provides good to excellent yields using a less expensive catalyst system. The 
reaction provided improved yields for many substrates and yielded products that were previously 
unattainable via the original conditions (Scheme 7).
63
 With these new conditions established, we 
sought to evaluate the synthesis of more highly functionalized imidazopyridines. 
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1.3 SYNTHESIS OF HIGHLY FUNCTIONALIZED IMIDAZOPYRIDINES 
1.3.1 Elaboration of pyridine moiety 
Due to limited functionality on the pyridine ring in previous studies,
63
 we decided to 
expand upon these results by exploring other pyridines. The limited commercial availability of 3-
amino-2-chloropyridines compelled us to explore alternative synthetic routes toward these 
compounds. Substituted pyridines and pyridine derivatives are common in several natural 
products as well as other desirable pharmaceutical targets.
80-83
  
Initial focus was placed on the addition of methyl groups at various positions on the 
pyridine ring. Multiple substitutions on the ring had not yet been examined, but we expected the 
aforementioned palladium-catalyzed amidation to proceed smoothly. 3-Amino-2-chloro-5,6-
dimethylpyridine 1.58 became our initial target due to ease of characterization and was 
synthesized from commercially available materials (Scheme 8). The synthesis commenced with 
the formation of sodium salt 1.54,
84
 which underwent a condensation to provide 3-cyano-2-
pyridone 1.55. Decyanation, followed by nitration provided nitropyridone 1.57.
85
 Subsequent 
chlorination and metal reduction afforded dimethylamino pyridine 1.58 in an overall yield of 
9%.
86
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Scheme 8: Synthesis of dimethyl aminopyridine 1.58 
 
The synthesis of dimethyl amino pyridine 1.58 could be achieved through simple 
chemical transformations; however, the low yields and material output challenged us to seek an 
alternative approach. A recent publication by Chen and co-workers described an efficient 
synthesis of 2-chloro-3-amino-4-methylpyridine 1.61 (Scheme 9).
87
 The process involved 
chlorination and hydrolysis of cyanopyridone 1.60, followed by the Hofmann rearrangement to 
provide the desired product. It was envisioned that a similar approach could be implemented 
toward the synthesis of dimethylamino pyridine 1.58.  
Scheme 9: Alternative synthesis of dimethyl aminopyridine 1.58 
 
Nicotinamide 1.62 was obtained through the same process described in the Chen article,
87
 
but due to an unknown impurity the material gave little to no product when subjected to the 
Hoffman rearrangement (Scheme 9).
88-95
 We believe that the unknown impurity was impeding 
the formation of the isocyanate intermediate so we took a different approach. When the 
16 
 
 
chlorination and hydrolysis were conducted separately, rather than in one-pot, the resulting 
nicotinamide 1.62 was pure enough to conduct the Hofmann rearrangement (Scheme 10). The 
Hofmann rearrangement successfully furnished the desired dimethylamino chloropyridine 1.58 
in 72% yield. This delivered an overall yield of 17% and avoided the timely manipulations of the 
previous route. 
Scheme 10: Step-wise synthesis of dimethyl aminopyridine 1.58 
 
We also explored an alternative route via formation of allylcarbamate 1.63, but its 
formation required the use of a stronger oxidizing agent. Refluxing nicotinamide 1.55 in allyl 
alchol with one equivalent of phenyliodo(III)diacetate (PIDA) provided the allylcarbamate 1.63 
in 62% yield (Scheme 11). Attempts to form the t-butyl carbamate the same way were 
unsuccessful perhaps due to sterics. The carbamate could be removed to form dimethylamino 
pyridine 1.58 in 70% yield. Alternatively, the alkylation of the carbamate could be achieved in 
83% yield followed by deprotection to provide benzyl aminopyridine 1.65.  
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Scheme 11: Formation of allyl carbamate 1.63 and subsequent chemistry 
 
With the dimethyl aminopyridine 1.58 in hand, we began to explore the synthesis of 
imidazo[4,5b]pyridines 1.67 and 1.69. Reductive amination of the amine was easily carried out 
with p-methoxybenzaldehyde and p-phenylbenzaldehyde providing amino pyridines 1.66 and 
1.68 respectively (Scheme 12). However, the palladium-catalyzed coupling of these pyridines 
proved to be challenging and resulted in low yields using L5 as the ligand.
75
 Interestingly, when 
the reaction was carried out under the original conditions using L4,
63
 a 70% yield was obtained 
for imidazo[4,5b]pyridine 1.69.  
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Scheme 12: Synthesis of dimethylimiazo[4,5-b]pyridines 1.67 and 1.69 
 
The successful synthesis of dimethylaminopyridine 1.58 provides a proof-of-concept that 
can be applied toward the synthesis of analogous pyridines. Our next target became pyridine 
1.73, a logical progression from pyridine 1.58 due to its similarity in structure. A Knoevenagel 
condensation between cyanoacetamide and acetylacetone 1.70 produced dimethylcyanopyridone 
1.71 (Scheme 13).
96
 The cyanopyridone 1.71 cleanly underwent chlorination and hydrolysis to 
provide amidopyridine 1.72, which sets the stage for a Hofmann rearrangement. This work is 
currently ongoing.  
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Scheme 13: Proposed synthesis of 1.73 
 
To further establish the utility of these aminopyridines toward the synthesis of 
imidazo[4,5-c]pyridines 1.45, we aimed to install a chlorine functionality at the 4-position. 
Nitropyridine 1.74 was synthesized from nitropyridone 1.57 through a Suzuki coupling. 
Interestingly, when nitropyridine 1.74 was subjected to chlorination conditions, 
dichloromethylpyridine 1.75 was formed (Scheme 14). The electron withdrawing properties of 
the nitro group presumably facilitated chlorination at the methyl group.  
Scheme 14: Synthesis of dichloromethylpyridine 1.75 
 
Nitropyridine 1.74 was therefore converted to aminopyridine 1.76 in good yield (Scheme 
15). We believe that amino pyridine 1.76 could undergo chlorination at the 4-position to provide 
4-chloroaminopyridine 1.77. Unfortunately, chlorination with NCS resulted in no reaction. 
Further studies are still being conducted. 
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Scheme 15: Proposed synthesis of 4-chloroaminopyridine 1.77 
 
Besides having aliphatic and aromatic functionality on the pyridine ring, we were 
interested in installing other functional handles that could be utilized for further late-stage 
chemical manipulation. Our attention has now been shifted toward the synthesis of 6-
hydroxypyridone 1.79 (Scheme 16). Chlorination followed by hydrolysis of 6-hydroxy pyridone 
1.79 will theoretically provide dichloropyridine 1.80, which can then undergo a Hofmann 
rearrangement to provide dichloropyridine 1.81. Since the synthesis of imidazo[4,5-b]pyridines 
1.43 involved a palladium-catalyzed coupling, regioselectivity of this transformation with 1.81 
became of interest. Optimization of the palladium catalyzed coupling of poly-chlorinated 
pyridines to form imidazo(4,5b) pyridines was thus undertaken. 
Scheme 16: Proposed synthesis of 2,6 dichloropyridone 1.75 
 
1.3.2 Regioselective amidation of polychlorinated aminopyridines 
Continuing our synthesis of functionalized pyridine derivatives, we hoped to accomplish 
the regioselective palladium-catalyzed amidation of polyhalogenated pyridines to provide 
imidazopyridines with a functional handle on the pyridine ring, thereby granting a site for late 
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stage functionalization. Regioselective palladium-catalyzed couplings with polychlorinated 
pyridines have been seldom explored.
97
 Yang and co-workers utilized an amide directing group 
to facilitate the Suzuki coupling at the 2-position of pyridine 1.82 (Scheme 17).
98
 The reaction 
provided a modest 61% yield of 1.83 with a 9:1 mixture of regioisomers. Other examples 
reported had poor to moderate yields with regioselectivities ranging from 4:1 to 15:1. Langer and 
co-workers demonstrated a regioselective Suzuki coupling of 2,6-dichloro-3-
trifluoromethylpyridine 1.83 to provide pyridine 1.85, which they confirmed through X-ray 
crystallography.
99
 Interestingly, a tandem coupling event with the remaining chlorine could be 
performed in moderate yields. 
Scheme 17: Previous accounts of regioselective coupling of polychlorinated pyridines 
 
Our group has observed regioselective coupling previously. When 3-amino-2,5-
dichloropyridine 1.86 was subjected to the coupling conditions, imidazo[4,5b]pyridine 1.87 was 
achieved in 96% yield (Scheme 18). The high regioselectivity is attributed to the 2.8 kcal/mol 
energy difference in bond-dissociation energies between C
2
-Cl and the C
5
-Cl.
100-102
 
Scheme 18: Regioselective synthesis of imidazo(4,5b)pyridine 1.87 
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While the 2,5-dichloropyridine 1.86 worked vide supra, the corresponding 2,6-
dichloropyridine 1.88 posed a greater challenge. Calculations conducted by Tom Juliano of the 
Korter Group at Syracuse University showed that the difference in bond-dissociation energy 
between C
2
-Cl and the C
6
-Cl was a mere 0.2 kcal/mol. Despite this small difference, we screened 
reaction conditions to favor the regioselective formation of imidazo[4,5-b]pyridine 1.89.  
We synthesized dichloropyridine 1.88 through a reductive amination protocol utilized in 
prior work.
63,75,103
 We examined bidentate ligands such as L5 and L4 due to their suitable 
reactivity with 2-choro-3-aminopyridines 1.41. Both compounds 1.89 and 1.43a were visible in 
the crude 
1
H-NMR. Imidazo[4,5b]pyridine 1.43a was likely produced from a reduction similar to 
pyridine 1.46. Examination of L5 as a ligand provided capricious results which gave moderate 
yields and conversion. On the contrary, L6 was shown to provide a slightly superior yield with 
reproducible results (Table 4, entries 14 and 15). Further optimization of the conditions is still 
required since our analysis indicates an unexplained loss of nearly 20% of the starting material to 
unknown processes.  
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Table 4: Screening condtions for regioselectivity 
 
Entry Ligand Solvent Time 
Conversion 
(%)
a 
Crude Yield 
1.89 (%)
a 
Crude Yield 
1.43a (%)
a
 
1
b 
L5 Dioxane 4 50 20 45 
2
c 
L5 Dioxane 22h 30 12 0 
3
b 
L5 2:1 Dioxane:tAmOH 2.5h 55 35 9 
4 L5 2:1 Dioxane:tAmOH 7.5h 13 6 0 
5 L5 2:1 tAmOH:Dioxane 7h 8 4 0 
6
c 
L5 4:1 Dioxane:tAmOH 5.5h 12 11 0 
7 L5 10:1 Dioxane:tAmOH 11h 77 44 0 
8
d 
L5 10:1 Dioxane:tAmOH 6.5h 40 18 3 
9
e 
L5 10:1 Dioxane:tAmOH 7h 74 31 6 
10 L5 15:1 Dioxane:tAmOH 20h 18 8 0 
11 L5 20:1 Dioxane:tAmOH 4h 75 45 17 
12 L5 20:1 Dioxane:tAmOH 21h 100 28 11 
13
c 
L5 20:1 Dioxane:tAmOH 6h 78 45 0 
14
f 
L6 Dioxane 1.2h 80 55 6 
15
f 
L6 20:1 Dioxane:tAmOH 4h 70 45 0 
aYields determined from crude 1H NMR using mesitylene as an internal standard. b1.5 equivalents of base used. 
c2.0 equivalents of Cs2CO3 used as base. 
d5.0 equivalents of base used. e4Å Molecular Seives added. f5.0 
equivalents of Cs2CO3 used as base 
1.3.3 Copper-catalyzed C-N coupling 
Recently, Chris Senanayake published the synthesis of nicotinate 1.93.
104
 The synthesis 
could be achieved through a one pot esterification followed by iodination to provide pyridone 
1.92 (Scheme 19). Chlorination using phosphorous(V)oxychloride provided nicotinate 1.93. 
Scheme 19: Synthesis of nicotinate 1.93  
 
24 
 
 
We viewed this as an efficient and scalable route to a pyridine derivative not yet 
explored. Installation of an amine functionality at the 3-position became the next task. We 
decided to explore copper catalyzed coupling with tert-butyl carbamate 1.99 (H2NBoc), a 
commonly employed ammonia equivalent. The direct amination of aryl groups to provide aniline 
derivatives has been shown by several research groups using inexpensive ammonia.
105-109
 An 
example is shown in Scheme 20, where Hartwig et al. showed the palladium-catalyzed coupling 
of ammonia with 4-Br isoquinoline 1.94 in a Parr bomb reactor.
105
 He later showed that the 
reaction could be performed with an alternative ammonia equivalent, lithium amide. This 
allowed the reaction to be performed without the need for a Parr bomb reactor.  
Scheme 20: Palladium-catalyzed amination using ammonia and lithium amide 
 
The use of ammonia equivalents or surrogates has shown much value in organic 
synthesis.
110-113
 Buchwhald et al. described the first use of benzophenone imine 1.96 to act as a 
surrogate for ammonia (Scheme 21).
114
 After coupling, these derivatives were cleaved to provide 
the requisite aniline 1.98. Furthermore, the use of carbamates as surrogates has also received 
much attention.
21,115-119
 The first reported use of carbamates was by Hartwig et al. in 1999.
120
 
Coupling H2NBoc 1.99 with bromotoluene 1.100 provided the Boc protected aniline 1.101. 
Although palladium has shown much effectivness, a handful of copper catalyzed amidations with 
1.99 have been explored in the past but no similar substrates to nicotinate 1.92 have been 
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studied.
121-125
 We preferred the use of copper, since it is relatively inexpensive compared to 
palladium and preferentially reacts with aryl-iodides in the presence of aryl-chlorides.  
Scheme 21: Palladium-catalyzed amination using ammonia surrogates 
 
We began by optimizing conditions using readily available 2-chloro-3-iodo pyridine 
1.102. Using CuI and (±)-transdiaminocyclohexane L7 as the ligand, the reaction proceeded 
with 65% conversion with a 40% yield of pyridine 1.103 (Table 5, entry 1). Certain 
undetermined by-products were also produced. When the base was changed from Cs2CO3 to 
K3PO4, the yield and conversion slightly improved (entry 2). We found that the amount of base 
could be reduced to 2 equivalents without a detrimental loss in yield (entry 3). 1,2-
Dimethylethylenediamine (DMEDA) L8 was also tested but provided an increased yield of by-
products (entry 4). Decreasing the amount of H2NBoc 1.99 to 0.91 equivalents improved the 
yield to 70%, while an increase to 1.1 equivalents provided showed barely any change (entries 5 
and 6). Interestingly, when the reaction was conducted using 1.5 equivalents of H2NBoc, a yield 
of 57% was obtained in 6 hours (entry 7). The use of K3PO4 as the base seemed to be more 
favorable.  
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Table 5: Copper catalyzed amidation with H2NBoc 1.99 
 
Entry Ligand Base BocNH2 Time 
Conversion 
(%)
a 
Yield 1.103 
(%)
a
 
1 L1 Cs2CO3
c
  1.2 eq. 17 h 65 40 
2 L1 K3PO4
c
  1.2 eq. 22 h 83 46 
3 L1 K3PO4  1.2 eq. 20 h 82 47 
4 L2 K3PO4  1.2 eq. 20 79 40 
5 L1 K3PO4  .91 eq. 18 h ND 70 
6 L1 K3PO4  1.1 eq. 17 h 70 67 
7 L1 K3PO4  1.5 eq 6 h 100 57 
aYields determined from crude 1H NMR using mesitylene as an internal standard bThe sum of 
all of the by-products in the crude 1H NMR c3.0 equiv. of base used. N.D. = Not Determined 
 
We investigated conditions to couple H2NBoc 1.99 with nicotinate 1.92 (Table 6). Using 
a 2:1 ratio of L7 to copper, 90% conversion was observed with only 20% of isolated product 
1.93 (Table 6, entry 1). Using L8 provided the same conversion with lower yield (entry 2). A 4:1 
ratio of L7 to copper with 1.5 equivalents of H2NBoc provided a lower conversion and yield 
(entries 3 and 4) while stoichiometric copper
104
 provided only trace amounts of product visible in 
the crude 
1
H NMR (entry 5). More polar solvents such as DMF and DMSO proved detrimental 
to the reaction (entries 6 and 7). We found that the palladium-catalyzed coupling with 1.99
118,119
 
also performed inadequately. The results seem to indicate that the presence of the ester may be 
inhibiting the desired coupling from taking place. 
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Table 6: Copper catalyzed amidations with pyridine 1.93 
 
 
Entry 
CuI 
(mol%) 
Ligand 
(mol%) 
NH2Boc 
(equiv.) 
Solvent 
Conversion 
(%)
a 
Yield 1.93 
(%)
a 
1 10 L1 (20) 1.1 Dioxane 90 20
b 
2 10 L2 (20) 1.1 Dioxane 90 12 
3 5 L2 (20) 1.5 Dioxane 80 5 
4 10 L2 (40) 1.5 Dioxane 72 12 
5 100 No Lig. 1.5 NMP 30 trace 
6 10 L2 (40) 1.5 DMF 85 0 
7 10 L2 (40) 1.5 DMSO 82 Trace 
aYields determined from crude 1H NMR using mesitylene as an internal standard bIsolate Yield. c 
n-BuNH2 was used instead of H2NBoc. 
 
Interestingly, the copper catalyzed coupling with butylamine provided a different product 
in 47% yield. Further analysis revealed that the product was iodopyridine 1.104, resulting from 
the SNAr reaction of n-butylamine with nicotinate 1.92 (Scheme 22). To test this hypothesis, we 
stirred nictotinate 1.92 with n-butylamine in the presence of base without a catalyst.  Under these 
conditions the suspected SNAr product iodopyridine 1.104 was produced in 68% yield. Under 
analogous conditions benzylamine participated in a similar fashion to provide pyridine 1.105 in 
57% yield.  
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Scheme 22: SNAr reactions with iodopyridine 1.92 
 
Despite the setbacks of coupling the carbamate, this route may still prove feasible; 
however, other ammonia surrogates will need to be explored. The success of the SNAr reactions 
may allow the synthesis of imidazo[4,5b]pyridines with N3 substitution. Initial attempts to 
cyclize the SNAr products to the imidazo[4,5b]pyridines were unsuccessful but more studies will 
need to be performed. To install functionality at the N1 position, a possible route may be to 
reduce the ester to an alcohol. This may adjust the electronics of the pyridine to permit the 
coupling at the 3-position. 
With positive progress made toward improving the substrate scope of imidazo[4,5-
b]pyridines 1.43, we turned our attention towards expanding the scope of imidazo[4,5- 
c]pyridines 1.45. 
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1.3.4 New protocol for synthesis of N-substituted 3-amino-4-chloropyridines 
As previously mentioned, the Clark group published a palladium catalyzed coupling 
toward imidazo[4,5-c]pyridines 1.45 (Scheme 7), an appealing class of desirable targets for 
pharmaceutical research.
67
 The protocol suffered from a limited application due to difficulty in 
obtaining a variety of N-substituted-3-amino-4-chloropyridines 1.44. Although 3-amino-2-
chloropyridine could easily be manipulated at the amine position through reductive amination 
and Chan-Lam coupling,
63
 3-amino-4-chloropyridine would not undergo similar transformations. 
These unforeseen circumstances forced us to utilize copper-catalyzed alkylations on Boc-
aminochloropyridine 1.106.
126-130
 Alternatively, alkylation of pyridine 1.106 followed by 
deprotection provided overall yields ranging from 22-82% (Scheme 23). We wanted to establish 
an alternative method that could provide access to a variety of N-substituted 3-amino-4-
chloropyridines 1.44. 
Scheme 23: Alkylation/Deprotection of Boc-aminochloropyridine 1.106 
 
To improve upon this process, we first needed to secure a scalable route to pyridine 
1.106, which was originally achieved by Boc protection of 3-amino pyridine 1.107
131
 followed 
by Kelly’s directed ortho-metallation protocol (Scheme 24).
132
 This process produced the desired 
pyridine 1.106 in 57% overall yield.  
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Scheme 24: Synthesis of Bocaminochloropyridine 1.106 
 
Directed ortho-metallation involves a lewis basic group directing the lewis acidic lithiate 
to the ortho position.
133
 The directed ortho-metallation has also been achieved at the 4-position 
of pyridines using O-pyridyl carbamates.
134
 Of note, when Boc-aminopyridine 1.108 reacts with 
butyllithium under the conditions shown, the metallation occurs at the thermodynamic 4-
position.
135
 Although the lithium at the 2-position can be stable under kinetic conditions, 
warming up the reaction to -20˚C equilibrates the intermediate to the more thermodynamically 
favorable 4-lithiated isomer.  
The need to distill the solvent and TMEDA prior to the directed ortho-metallation 
coupled with the moderate overall yield prompted an investigation of an alternative method that 
could produce pyridine 1.106 in large quantities. Directed ortho-metallation protocols have 
typically been performed in common ethereal solvents such as THF or Et2O. Watanabe et al. has 
shown improved directed metallation of N,N-diisopropyl-6-methylnicotinamide 1.109 using 
LTMP in DME (Scheme 25).
136
 In both our reaction and in Watanabe’s example, amine 
additives were added to the solution to break up various aggregates of lithium. This, in turn, 
allows for accelerated reactivity due to increased bacisity. Both oxygens in DME are less basic 
than the oxygens in THF or ether through their mutual inductive effects.
137
 On the other hand, 
addition of DME to a solution of PhLi in THF has shown a minor increase in the rate of 
interconversion between the monomer and dimer forms of PhLi.
138
 We posited that conducting 
the reaction in DME without any amine additives may be sufficient to provide the desired ortho-
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metallation pyridine 1.106. After an initial test, we found that conducting the reaction in DME 
provided the desired product 1.106.  For example, on a small scale (~1g), an excellent yield of 
95% was achieved, while on a larger scale (~20 g), the same conditions provided a 85% yield of 
pyridine 1.106. This established a facile method for synthesizing large quantities of pyridine 
1.106. 
Scheme 25: Improved synthesis of Boc-aminochloropyridine 1.106 
 
With the ability to conduct a large scale synthesis of pyridine 1.106, we began exploring 
an alternative route to derivatives of 1.44. We hypothesized that since the Boc removal could be 
accomplished using TFA,
139
 the excess TFA could be used to promote an in situ reductive 
amination. If successful this method would circumvent the need for the low-yielding alkylation 
protocol used previously. The difficulties encountered with the reductive amination of 3-amino-
4-chloropyridine could be alleviated with an in situ formation of the amine.  
In the event, pyridine 1.106 was treated with neat TFA for 2 hours. This resulted in 
complete loss of the tert-butylcarbamate as judged by TLC analysis. The crude material was 
immediately subjected to reductive amination in situ and pyridine 1.44a could be obtained as the 
sole product in 50% isolated yield after recrystallization (Scheme 26). Using the previous 
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method, the same product was obtained using 1-(chloromethyl)-2,5-dimethoxybenzene
140
 with 
an overall yield of 40% over two-steps.  
Scheme 26: Deprotection/Reductive Amination one-pot sequence 
 
These promising results encouraged us to explore other substrates. Rachel Wherry, a 
summer REU student from Georgia Southern University, tested various aldehydes with these 
alternate conditions. She obtained isolated yields ranging from 13% to 26% (Figure 4). Although 
high crude yields were obtained, the reductive amination was found to be slow and resulted in 
significant reduction of the aldehyde to the corresponding alcohol. Furthermore, the resulting 
alcohol derivatives proved difficult to separate from the products by column chromatography, 
making purification difficult. Although there is still much room for optimization to improve 
yields and scope, this new protocol enables access to derivatives that were difficult to obtain via 
the original route.  
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Figure 4: Deprotection/Reductive Amination REU results
a 
 
1.4 CONCLUSION 
The palladium-catalyzed amidation described provided valuable imidazopyridines and 
was a welcoming addition to the already established arsenal of palladium catalyzed amidations. 
The inexpensive preparation of the N-substituted amino-chloropyridines makes this an attractive 
protocol. With these new conditions, we have explored the synthesis of derivatives to expand the 
library of pyridines and reaction scope. The synthesis of dimethylaminochloropyridine 1.58 
establishes a route that could be applied toward the synthesis of other pyridine derivatives. The 
protocol established for synthesizing N-substituted 3-amino-4-chloropyridines 1.44 allows for 
studies toward the synthesis of various imidazo[4,5-c]pyridines. The quest to install functionality 
aReactions conducted by Rachel Wherry, REU student bCrude yields obtained using 
mesitylene as an internal standard 
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required reaction development and progress has been made toward synthesizing 3-amino-2-
chloro-pyridines and 3-amino-4-chloropyridines. 
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1.5  EXPERIMENTAL 
General Experimentals 
Unless otherwise indicated, all reactions were conducted in oven (140˚C) or flame-dried 
glassware using distilled and degassed solvents under positive pressure of dry argon with 
standard Schlenk techniques. All air-sensitive reagents were stored in an MBraun labmaster 
glovebox containing dry argon gas. Dry THF, toluene, MeCN, Et2O, and DCM were obtained by 
passing commercially available pre-dried, oxygen-free formulations through two activated 
alumina columns using an MBraun MB-SPS solvent purification system. Stainless steel syringes 
that had been oven-dried (140˚C) and cooled under argon atmosphere or in a desiccator were 
used to transfer air- and moisture-sensitive liquids. Yields refer to chromatographically and 
spectroscopically (
1
H NMR) homogeneous materials, unless otherwise stated. Reactions were 
monitored by thin-layer chromatography (TLC) carried out on pre-coated glass plates of silica 
gel (0.25 mm) 60 F254 from EMD Chemicals Inc. using the indicated solvent system. 
Visualization was accomplished with ultraviolet light (UV 254 nm). Alternatively, plates were 
treated with one of the following solutions (this was accomplished by holding the edge of the 
TLC plate with forceps or tweezers and immersing the plate into a wide-mouth jar containing the 
desired staining solution) and carefully heating with a hot-air gun (450˚C) for approximately 1-2 
min (NOTE: excess stain was removed by resting the TLC on a paper towel prior to heating): 
10% phosphomolybdic acid in ethanol, 1% potassium permanganate/7%potassium 
carbonate/0.5% sodium hydroxide aqueous solution, and/or anisaldehyde in ethanol with 10% 
sulfuric acid. Flash column chromatography was performed using Silia Flash® P60 silica gel 
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(40-63 μm) from Silicycle. All work-up and purification procedures were carried out with 
reagent grade solvents (purchased from VWR) in air. 
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Instrumentation 
Infrared (IR) spectra were recorded on a Thermo Nicolet IR-100 spectrometer, νmax in cm
-1
, and 
were obtained from samples prepared as thin films between NaCl plates. 
1
H NMR spectra were 
recorded on a Bruker Avance DPX-300 (300 MHz) spectrometer and a Bruker Avance III HD 
(400 MHz) spectrometer with CryoProbe Prodigy. Chemical shifts are reported in parts per 
million (ppm) and are calibrated using residual undeuterated solvent as an internal reference 
(CDCl3: δ 7.26 ppm; D2O: 4.79 ppm; CD3OD: 3.31 ppm; DMSO-d6: 2.50 ppm; C6D6: 7.16 ppm; 
CD3CN: 1.94 ppm). Data are reported as follows: chemical shift, multiplicity, coupling constants 
(Hz), and integration. The following abbreviations or combinations thereof were used to explain 
the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, pent = pentet, sex = sextet, sept 
= septet, m = multiplet, at = apparent triplet, aq = apparent quartet, b = broad. 
13
C NMR spectra 
were recorded with complete proton decoupling on a Bruker Avance DPX-300 (75 MHz) 
spectrometer and a Bruker Avance III HD (100 MHz) spectrometer with CryoProbe Prodigy. 
Chemical shifts are reported in ppm and are calibrated using residual undeuterated solvent as an 
internal reference (CDCl3: δ 77.16 ppm; DMSO-d6: 39.52 ppm; C6D6: 128.06 ppm; CD3OD: 
49.00 ppm). 
19
F NMR spectra were recorded on a Bruker Avance DPX-300 (282.4 MHz) 
spectrometer. Chemical shifts are reported in ppm and are calibrated using an external reference 
(CFCl3: δ 0.00 ppm). 
11
B NMR spectra were recorded on a Bruker Avance III HD (128 MHz) 
spectrometer with CryoProbe Prodigy. Chemical shifts are reported in ppm and are calibrated 
using an external reference (BF3OEt: δ 0.00 ppm). In the 
13
C NMR spectra of boron containing 
compounds, the resonance corresponding to the carbon ipso to the boron was not observed. 
31
P 
NMR spectra were recorded on a Bruker Avance DPX-500 (202.5 MHz) spectrometer. Chemical 
shifts are recorded in ppm and are calibrated as an external reference (85% H3PO4 in water: δ 
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0.00 ppm). 2D NMR spectra were recorded on a Bruker Avance DPX-500 or DPX-600 
spectrometer. High resolution mass spectra (HRMS) were performed at the mass spectrometry 
facility of CUNY Hunter College (New York, New York), SUNY Buffalo (Buffalo, New York), 
or Old Dominion University (Norfolk, Virginia).  Enantiomeric ratios were determined by chiral 
high performance liquid chromatography (HPLC) analysis on a Varian Prostar instrument using 
chiral analytical columns as stated, in comparison with racemic samples obtained using (+/-)-
BINOL. Optical rotations were measured at a sodium D line (589 nm) on a Rudolph Research 
Analytical Autopol III polarimeter and reported as follows: [α]D
T
 λ (c in 10 g/mL), in reagent 
grade chloroform (CHCl3) or tetrahydrofuran (THF). Melting points (m.p.) are uncorrected and 
were recorded using an Electrothermal Mel-Temp® melting point apparatus. 
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N-([1,1'-biphenyl]-4-ylmethyl)-2-chloropyridin-3-amine (1.41i): A flame dried 100 mL round 
bottom flask was charged with 3-amino-2-chloropyridine (2.0 g, 15.6 mmol, 1.0 equiv.), 24 mL 
EtOAc and p-phenylbenzaldehyde (3.12 g, 17.1 mmol, 1.1 equiv.). The mixture was allowed to 
stir until complete dissolution (about 2 min) at which time trifluoroacetic acid (2.31 mL, 31.1 
mmol, 2.0 equiv.) was added as a single portion via syringe. The resulting yellow solution was 
allowed to stir for 2 min before adding sodium triacetoxyborohydride (3.96 g, 18.7 mmol, 1.2 
equiv.) in two equal portions over 1 min. After stirring at room temperature for 40 min, the 
reaction was judged complete by TLC and quenched by addition of 20% aqueous NaOH (20 
mL). The solution was basified to >pH=8 by addition of NaOH(s). The layers were separated and 
the aqueous layer was extracted with EtOAc. The combined organic layers were washed with 
brine (20 mL), dried over MgSO4, filtered and concentrated in vacuo to give a yellow-brown 
solid. The solid was recrystallized with 40 mL of 3:1 EtOAc:Hexanes to give 4.13 g (89%) of 
light yellow crystals. 
Rf = 0.30 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 7.75 (dd, J = 4.8, 1.5 Hz, 1H), 7.61-7.57 (m, 4H), 7.47-7.33 (m, 
5H), 7.08 (dd, J = 7.8, 3.9 Hz, 1H), 6.89 (d, J = 8.7 Hz, 1H), 4.90 (bs, 1H), 4.46 (s, 2H) 
13
C NMR (75 MHz, CDCl3): δ 140.7, 140.7, 140.6, 137.2, 136.8, 136.8, 128.9, 127.7, 127.5, 
127.1, 123.5, 118.0, 47.2 
IR: v = 3419, 3057, 3028, 2854, 1585, 1489, 1095, 697 
Melting Point: 123.5-125˚C 
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Elemental Combustion: Anal. calcd. for C18H15ClN2: C, 73.34; H, 5.13; N, 9.50; found: C, 
73.44; H, 4.95; N, 9.50. 
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1-([1,1'-biphenyl]-4-ylmethyl)-1H-imidazo[4,5-b]pyridine (1.43i): A 25 mL oven dried 
Schlenk tube equipped with a magnetic stir bar was charged with K3PO4 (128 mg, 0.6 mmol, 1.5 
equiv.), Pd2dba3∙CHCl3 (4.14 mg, 0.004 mmol, 0.01 equiv.), L5 (11.6 mg, 0.02 mmol, 0.05 
equiv.), and N-([1,1'-biphenyl]-4-ylmethyl)-2-chloro-5,6-dimethylpyridin-3-amine 1.41i (118 
mg, 0.4 mmol, 1.0 equiv.). The tube was evacuated and back-filled with Ar(g). Dioxane (1.85 
mL) was added via syringe followed by formamide (24 µL, 0.6 mmol, 1.5 equiv.), then t-
AmylOH (0.15 mL). The reaction mixture was degassed three times with vacuum/Ar(g) purge 
cycles. The reaction vessel was equipped with a cold-finger under a positive pressure of Ar(g) and 
immersed in a 110˚C pre-heated oil bath for 18h at which time TLC analysis showed full 
consumption of the starting material. The reaction was cooled to room temperature, diluted with 
MeOH (4 mL), filtered through a Celite plug and concentrated in vacuo to yield a dark brown 
oil. The crude oil was purified by silica gel chromatography, eluting with 4% MeOH/DCM to 
yield 80 mg (70%) of a white solid. 
Rf = 0.20 (5% MeOH/DCM) 
1
H NMR (300 MHz, CDCl3): δ 8.58 (dd, J = 1.42, 4.71 Hz, 1H), 8.24 (s, 1H), 7.62 (dd, J = 1.46, 
8.05 Hz, 1H), 7.59-7.53 (m, 4H), 7.46-7.33 (m, 3H), 7.25 (d, J = 8.24 Hz, 2H), 7.19 (dd, J = 
4.74, 8.12 Hz, 1H), 5.42 (s, 2H) 
13
C NMR (75 MHz, CDCl3): δ 145.5, 145.3, 141.8, 140.2, 133.7, 129.0, 128.0, 127.8, 127.7, 
127.2, 126.3, 118.6, 118.4, 49.4 
IR (film): v = 3027, 2973, 2879, 1610, 1491 cm
-1 
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Elemental Combustion: Anal. calcd. for C19H15N3: C, 79.98; H, 5.30; N, 14.73; found: C, 
79.86; H, 5.10; N, 15.06 
Melting Point: 223.5-225˚C 
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2-chloro-N-(cyclohexylmethyl)pyridin-3-amine (1.41q)
63
: A flame dried 100 mL round 
bottom flask was charged with 3-amino-2-chloropyridine (1.29 g, 10.0 mmol, 1.0 equiv), 15 mL 
EtOAc and cyclohexane carboxaldehyde (1.3 mL, 11.0 mmol, 1.1 equiv). The mixture was 
allowed to stir until complete dissolution (about 2 min) at which point trifluoroacetic acid (1.54 
mL, 20.0 mmol, 2.0 equiv.) was added as a single portion via syringe. The resulting yellow 
solution was allowed to stir for 2 min before adding sodium triacetoxyborohydride (2.54 g, 12.0  
mmol, 1.2 equiv.) in two equal portions over 1 min. After stirring at room temperature for 30 
min, the reaction was judged complete by TLC and quenched by addition of 20% aqueous NaOH 
(10 mL). The solution was basified to pH=8 by addition of NaOH(s). The layers were separated 
and the aqueous layer was extracted with EtOAc (3 x 10 mL). The combined organic layers were 
washed with brine (20 mL), dried over MgSO4, filtered and concentrated in vacuo to give 1.95 g 
(87%) of a yellow oil. The crude material was used without further purificiation. 
Rf (20% EtOAc / Hexanes): 0.49 
1
H NMR (300 MHz, CDCl3) δ= 7.66 (dd, J = 4.8 Hz, 1.8 Hz, 1H), 7.06 (dd, J = 7.8 Hz, 4.5 Hz, 
1H), 6.85 (dd, J = 8.1 Hz, 1.5 Hz, 1H), 4.41 (br s, 1H), 2.98 (t, J = 6.3 Hz, 2H) 1.87 – 1.52 (m, 
6H), 1.36 – 0.90 (m, 5H)  
13
C NMR (75.4 MHz, CDCl3) δ= 141.1, 136.9, 135.8, 123.5, 117.3, 49.8, 37.3, 21.2, 26.5, 25.9   
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1-(Cyclohexylmethyl)-1H-imidazo[4,5-b]pyridine (1.43q)
63
: A 25 mL oven dried Schlenk tube 
equipped with a magnetic stir bar was charged with K3PO4 (128 mg, 0.6 mmol, 1.5 equiv.), 
Pd2dba3∙CHCl3 (4.14 mg, 0.004 mmol, 0.01 equiv.), L5 (11.6 mg, 0.02 mmol, 0.05 equiv.), and 
2-chloro-N-(cyclohexylmethyl)pyridin-3-amine 1.41q (90 mg, 0.4 mmol). The tube was 
evacuated and back-filled with Ar(g). Dioxane (1.85 mL) was added via syringe followed by 
formamide (24 µL, 0.6 mmol, 1.5 equiv.), then t-AmylOH (0.15 mL). The reaction mixture was 
degassed three times with vacuum/Ar(g) purge cycles. The reaction vessel was equipped with a 
cold-finger under a positive pressure of Ar(g) and immersed in a 110˚C pre-heated oil bath for 7h 
at which time TLC analysis showed full consumption of the starting material. The reaction was 
cooled to room temperature, diluted with MeOH (4 mL), filtered through a Celite plug and 
concentrated in vacuo to yield a dark brown oil. The crude material was purified by silica gel 
chromatography, eluting with 4% MeOH/DCM to yield 58 mg (77%) as a brown solid. 
Rf = 0.26 (4% MeOH/DCM) 
1
H NMR (300 MHz, CDCl3) δ = 8.50 (dd, J = 4.8 Hz, 1.8 Hz, 1H), 8.01 (s, 1H), 7.67 (dd, J = 
8.1 Hz, 1.5 Hz, 1H), 7.17 (dd, J = 8.1 Hz, 4.8 Hz, 1H), 3.95 (d, J = 7.2 Hz, 2H), 1.86-1.51 (m, 
6H), 1.21-0.86 (m, 5H) 
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2-chloro-N-cyclohexylpyridin-3-amine (1.41r)
63
: A flame dried 100 mL round bottom flask 
was charged with 3-amino-2-chloropyridine (1.0 g, 7.78 mmol, 1.0 equiv), 12 mL EtOAc and 
cyclohexanone (0.89 mL, 8.56 mmol, 1.1 equiv). The mixture was allowed to stir until complete 
dissolution (about 2 min) at which time trifluoroacetic acid (1.2 mL, 15.6 mmol, 2.0 equiv.) was 
added as a single portion via syringe. The resulting yellow solution was allowed to stir for 2 min 
before adding sodium triacetoxyborohydride (1.98 g, 9.34  mmol, 1.2 equiv.) in two equal 
portions over 1 min. After stirring at room temperature for 30 min, the reaction was judged 
complete by TLC and quenched by addition of 20% aqueous NaOH (10 mL). The solution was 
basified to pH=8 by addition of NaOH(s). The layers were separated and the aqueous layer was 
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine (20 
mL), dried over MgSO4, filtered and concentrated in vacuo to give 1.95 g (87%) of a yellow oil. 
The material was used without further purificiation. 
Rf (20% EtOAc / Hexanes): 0.48 
  
1
H NMR (300 MHz, CDCl3) δ= 7.65 (dd, J = 4.5 Hz, 1.5 Hz, 1H), 7.05 (dd, J = 8.1 Hz, 4.5 Hz, 
1H), 6.87 (dd, J = 8.1 Hz, 1.8 Hz, 1H), 4.25 (br s, 1H), 3.25 (br s, 1H), 2.04-2.00 (m, 2H), 1.82-
1.64 (m, 2H), 1.41-1.23 (m, 6H)  
 
13
C NMR (75.4 MHz, CDCl3) δ= 140.0, 137.0, 135.8, 123.4, 117.8, 51.3, 32.9, 25.8, 24.8  
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1-Cyclohexyl-1H-imidazo[4,5-b]pyridine (1.43r)
63
: A 25 mL oven dried Schlenk tube 
equipped with a magnetic stir bar was charged with K3PO4 (128 mg, 0.6 mmol, 1.5 equiv.), 
Pd2dba3∙CHCl3 (4.14 mg, 0.004 mmol, 0.01 equiv.), L5 (11.6 mg, 0.02 mmol, 0.05 equiv.), and 
2-chloro-N-cyclohexylpyridin-3-amine 1.41r (84mg, 0.4 mmol). The tube was evacuated and 
back-filled with Ar(g). Dioxane (1.85 mL) was added via syringe followed by formamide (24 µL, 
0.6 mmol, 1.5 equiv.), then t-AmylOH (0.15 mL). The reaction mixture was degassed three times 
with vacuum/Ar(g) purge cycles. The reaction vessel was equipped with a cold-finger under a 
positive pressure of Ar(g) and immersed in a 110˚C pre-heated oil bath for 7h at which time TLC 
showed full consumption of the starting material. The reaction was cooled to room temperature, 
diluted with MeOH (4 mL), filtered through a Celite plug and concentrated in vacuo to yield a 
dark brown oil. The crude material was purified by silica gel chromatography, eluting with 4% 
MeOH/DCM to yield 51 mg (63%) as a brown solid. 
Rf = 0.25 (4% MeOH/DCM) 
1
H NMR (300 MHz, CDCl3) δ= 8.54 (dd, J = 4.8 Hz, 1.5 Hz, 1H), 8.18 (s, 1H), 7.75 (dd, J = 8.1 
Hz, 1.5 Hz, 1H), 7.18 (dd, J = 8.1 Hz, 4.8 Hz, 1H), 4.18 (tt, J = 12 Hz, 3.9 Hz, 1H), 2.24-2.13 
(m, 2H), 2.02-1.92 (m, 2H), 1.88-1.72 (m, 3H), 1.49 (qt, J = 12.9 Hz, 3.3 Hz, 2H), 1.30 (qt, J = 
12.6 Hz, 3.0 Hz, 1H) 
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sodium (Z)-2-methyl-3-oxobut-1-en-1-olate (1.54) was synthesized according to literature 
procedure.
84
 A flame dried three neck 1L round bottom flask equipped with a magnetic stirrer 
was charged with MeOH (70 mL) and cooled in an ice-H2O bath at 0˚C. Sodium metal (15.28 g, 
283 mmol, 28% w/w to MeOH) was added in small portions slowly over 2 hours until most of 
the metal dissolved. Et2O (460 mL) was added, followed by the dropwise addition of a mixture 
of 2-butanone 1.52 (31.8 mL, 355 mmol, 1.0 equiv.) and ethyl formate 1.53 (31 mL, 386 mmol, 
1.09 equiv.). The temperature (monitored by internal thermometer) of the reaction did not exceed 
6˚C during the addition. The solution turned light yellow and eventually took on a milky yellow 
color (similar to eggnog). The solution was stirred at room temperature overnight, then filtered 
through a large coarse fritted funnel. The solid was dried in a vacuum dessicator to provide 24.0 
g (70%) of an off-white solid. 
1
H NMR (300 MHz, D2O): δ 8.97 (s, 1H), 2.17 (s, 3H), 1.55 (s, 3H) 
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Piperidinium acetate was prepared according to literature procedure.
85
 A solution of glacial 
acetic acid (10.5mL) in 25 mL of H2O was added to a solution of piperidine (18 mL) in 20 mL 
H2O. The yellow solution became hot and was allowed to cool to room temperature before use. 
 
5,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (1.55) was synthesized according to 
literature procedure.
85
 A flame dried 250 mL round bottom flask equipped with a magnetic 
stirring bar and a reflux condenser was charged with sodium (Z)-2-methyl-3-oxobut-1-en-1-olate 
1.54 (21.5 g, 199 mmol, 1.0 equiv.) and water (132 mL). Cyanoacetamide (18.2 g, 217 mmol, 
1.09 equiv.) was added followed by piperidinium acetate (12 mL). The resulting reaction was 
heated to reflux overnight. Acetic acid (19 mL) was then added slowly (addition caused slight 
eruption). The reaction was allowed to cool to room temperature before filtering through a coarse 
fritted funnel. The solid cake was washed with water (50 mL). The resulting solid material was 
dried overnight open to air to provide a yellow solid (~40 g crude). The solid was recrystallized 
from acetic acid (100 mL) to provide 17.4 g (59%) of the product as yellow crystals. 
Rf = 0.55 (5% MeOH/DCM) 
1
H NMR (300 MHz, DMSO-d6): δ 7.94 (s, 1H), 2.23 (s, 3H), 1.98 (s, 3H) 
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5,6-dimethylpyridin-2(1H)-one (1.56)  was synthesized according to literature procedure.
85
 To 
a 1 L round bottom flask was added 5,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile 1.55 
(12.0 g, 81 mmol, 1.0 equiv.) and water (293 mL). Concentrated hydrochloric acid (293 mL) was 
added and the resulting reaction mixture was heated in an oil bath at 135˚C for 3 days. The 
reaction was cooled to room temperature and concentrated in vacuo to provide a yellow residue. 
To the residue was added chloroform (300 mL) and MeOH (15 mL) and the flask was heated in 
an oil bath at 65˚C for 1h. The reaction was filtered through a coarse fritted funnel and the 
filtrated was concentrated down to provide a yellow residue. The residue was dissolved in 
methanol (150 mL) and K2CO3 (10 g) was added. After stirring at room temperature for 30 
minutes, the reaction was filtered through a coarse fritted funnel. The filtrate was concentrated to 
provide a yellow residue. The residue was taken up in chloroform (200 mL) and filtered through 
a coarse fritted funnel. The resulting filtrate was concentrated down to provide 6.48 g (65%) of 
the product as a yellow solid. 
1
H NMR (300 MHz, CDCl3): δ 7.84 (d, J = 9 Hz, 1H), 6.98 (d, J = 9 Hz, 1H), 2.60 (s, 3H), 2.30 
(s, 3H) 
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5,6-dimethyl-3-nitropyridin-2(1H)-one (1.57) was synthesized according to literature 
procedure.
85
 A 100 mL round bottom flask was charged with 5,6-dimethylpyridin-2(1H)-one 
1.56 (3.7 g, 30.0 mmol, 1.0 equiv.) and cooled to 0˚C in ice-water bath. Concentrated 
hydrochloric acid (38 mL) was added followed by HNO3 (3.53 mL) dropwise while maintaining 
an internal temperature of <5˚C. After stirring for 2 hours, the reaction mixture was poured over 
ice. The resulting crystals were filtered through a coarse fritted funnel, washing with water (20 
mL) to provide 2.78 g (55%) of the product as a light yellow solid 
Rf = 0.22 (5% MeOH/DCM) 
1
H NMR (300 MHz, DMSO-d6): δ 12.79 (bs, 1H), 8.35 (s, 1H), 2.29 (s, 3H), 2.06 (s, 1H) 
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2-chloro-5,6-dimethylpyridin-3-amine (1.58) was synthesized according to literature 
procedure.
86
 A 250 mL round bottom flask equipped with a magnetic stirring bar and reflux 
condenser was charged with 5,6-dimethyl-3-nitropyridin-2(1H)-one 1.57 (1.95 g, 10.4 mmol, 1.0 
equiv.), iron powder (8.75 g, 156.7 mmol, 15.0 equiv.), EtOH (26 mL), water (5.5 mL), and 
concentrated HCl (0.3 mL). The resulting reaction mixture was placed in a pre-heated 140˚C oil 
bath for 3.5h. After allowing to cool to room temperature, the reaction mixture was filtered 
through a pad of Celite. The filtrate was concentrated in vacuo to provide a black residue. The 
residue was taken up in water (15 mL) and basified using about 2 mL of aqueous ammonium 
hydroxide. Extracted from aqueous with EtOAc (3 x 15 mL). Combined organics dried over 
magnesium sulfate, filtered and concentrated in vacuo to provide 155 mg (40%) of the product as 
an orange solid. Alternative procedures are as follows: 
Alternate Method A: An oven dried 50mL Schlenk tube was charged with palladium(0)tetrakis 
(12 mg, 0.01 mmol, 0.05 equiv.) and sodium borohydride (40 mg, 1.05 mmol, 5.0 equiv.) and 
evacuated and back-filled with Ar(g). MeOH (1 mL) was then added and to the stirring solution 
was added allylcarbamate 1.63 (50 mg, 0.21 mmol, 1.0 equiv.). The resulting reaction produced 
a mild exotherm and was stirred at room temperature for 10 minutes before diluting with MeOH 
(5 mL) and filtering through a plug of Celite. The filtrate was concentrated down to yield a white 
solid. The solid was dissolved in DCM and filtered through a plug of Celite. The resulting filtrate 
was concentrated down to yield 24 mg of a light tan product (73%).  
Alternate Method B: A 250 mL round bottom flask was charged with sodium hydroxide (972 
mg, 24.3 mmol, 3.0 equiv.) and water (20mL). After cooling to room temperature, the solution 
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was placed in an ice-water bath and allowed to cool for about 5 minutes. Sodium hypochlorite 
(30.1 g, 25 mL, 405 mmol, 50.0 equiv.) was added via syringe followed by ethanol (20 mL). The 
solution was allowed to stir in the ice-water bath for another 5 minutes. Nicotinamide 1.62 (1.27 
g, 8.1 mmol, 1.0 equiv.) was added to the reaction vessel portion-wise over 2 minutes. After 30 
minutes, the reaction was removed from the ice bath and allowed to stir at room temperature for 
1 hour. Note: this time is necessary to form the isocyanate intermediate. The reaction was placed 
in an 80˚C oil bath and stirred for 19h. The reaction was allowed to cool to room temperature 
and diluted with DCM (30 mL) and H2O (10 ml). The layers were separated and the aqueous 
layer was extracted with DCM (20 mL). The combinded organic layers were washed with brine, 
dried over MgSO4, filtered and concentrated in vacuo to yield 920 mg (72%) of a light orange 
product. 
Rf : 0.22 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 6.86 (s, 1H), 3.95 (bs, 2H), 2.37 (s, 3H), 2.18 (s, 3H) 
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2-chloro-5, 6-dimethylnicotinonitrile: A flame dried 50 mL round bottom flask was charged 
with cyanopyridone 1.55 (1.0 g, 6.7 mmol, 1.0 equiv.) and phosphorous(V)oxychloride (5.0 mL, 
53 mmol, 8.0 equiv.). The solution was heated to reflux for 3h. The reaction was removed from 
the bath and allowed to cool to room temperature. The reaction was poured over 100 g of ice 
water and stirred to produce a tan precipitate after 10 minutes. The precipitate was filtered, 
washed with hexanes, and dried under vacuum to provide 715 mg of a light tan product (64%). 
1
H NMR (400 MHz, CDCl3): δ 7.69 (s, 1H), 2.55 (s, 3H), 2.32 (s, 3H) 
13
C NMR (100 MHz, CDCl3): δ 162.9, 149.1, 142.8, 131.2, 115.2, 107.7, 23.1, 18.4 
Melting Point: 98.5-100˚C 
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2-chloro-5,6-dimethylnicotinamide (1.62): Procedure adapted from a literature protocol.
87
 To a 
flame dried 50 mL 3-neck round bottom flask equipped with a reflux condenser and magnetic 
stir bar was added cyanopyridone 1.55 (5 g, 33.7 mmol, 1.0 equiv.) and phosphorous (V) 
oxychloride (9 mL, 96.5 mmol, 14.8 equiv.) the reaction mixture warmed to reflux. After 23 h, 
the chlorination was judged complete by TLC analysis. The reaction was allowed to cool to 50˚C 
before adding concentrated H2SO4 (6.5 mL). The resulting reaction was heated to 105˚C for 7 h.  
The reaction was allowed to cool to 62˚C, diluted with water (12 mL) and stirred overnight. The 
reaction was quenched by the slow addition of aqueous ammonium hydroxide (5 mL) until a pH 
of 7 was obtained. The resulting precipitate was filtered through a medium fritted funnel to yield 
3.4 g (55%) of a crystalline brown solid. 
Alternative Method (Product more pure): A 50mL round bottom flask was charged with 2-
chloro-5, 6-dimethylnicotinonitrile (2.5 g, 15 mmol, 1.0 equiv.) and concentrated H2SO4 (20 
mL). The reaction was heated in an oil bath at 110 ˚C for 5h. The reaction was allowed to cool to 
room temperature and then further cooled in an ice-water bath. Ammonium hydroxide was added 
slowly to the solution maintaining the temperature below 10˚C until pH ~ 8. A brown precipitate 
was formed and filtered. The solid was taken up in MeOH and filtered again. The filtrate was 
concentrated to yield 1.8 g (65%) of a light brown solid. 
1
H NMR (300 MHz, DMSO-d6): δ 7.96 (s, 1H), 7.70 (s, 2H), 2.46 (s, 3H), 2.23 (s, 3H) 
Melting Point: 165 ˚C (dec.) 
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allyl (2-chloro-5,6-dimethylpyridin-3-yl)carbamate (1.63): To a flame dried 100 mL round 
bottom flask was added 2-chloro-5,6-dimethylnicotinamide 1.62 (1.0 g, 5.42 mmol, 1.0 equiv.), 
PIDA (1.75 g, 5.42 mmol, 1.0 equiv.), and allyl alcohol (40 mL). The reaction vessel was 
equipped with a reflux condenser and heated to reflux for 6 h. The reaction was diluted with H2O 
(40 mL) and extracted with DCM (3 x 25 mL). The combined organics were dried with MgSO4, 
filtered and concentrated in vacuo to yield a crude red oil. The crude product was purified by 
silica gel chromatography (2.5cm x 7.5cm) eluting with 5% EtOAc in hexanes to yield 800 mg 
(62%) of a clear colorless oil which solidified in the freezer overnight. 
Rf = 0.49 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 8.24 (s, 1H), 7.03 (s, 1H), 6.04-5.91 (m, 1H), 5.39 (dq, J = 1.4, 
17.2 Hz, 1H), 5.30 (dq, J = 1.2, 10.4 Hz, 1H), 4.69 (dt, J = 1.4, 5.8 Hz, 2H), 2.41 (s, 3H), 2.27 (s, 
3H)  
13
C NMR (75 MHz, CDCl3): δ 152.9, 151.4, 135.4, 132.0, 131.6, 129.3, 129.1, 118.8, 68.4, 21.6, 
18.8 
Elemental Combustion: Anal. calcd. for C11H13ClN2O2: C, 54.89, H, 5.44, N, 11.64; Found: C, 
54.79, H, 5.49, N, 11.67 
Melting Point: 39.5-42 ˚C 
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Allyl benzyl(2-chloro-5,6-dimethylpyridin-3-yl)carbamate (1.64): To a suspension of sodium 
hydride (60% dispersion in mineral oil, 24 mg, 0.6 mmol, 1.2 equiv.) in dry DMF (3 mL) was 
added dropwise a solution of allyl carbamate 1.63 (120 mg, 0.5 mmol, 1.0 equiv.) in dry DMF (2 
mL). The brown colored solution turned dark green after 30 minutes, at which point 
benzylbromide (128 mg, 90 µL, 0.75 mmol, 1.5 equiv.) was added via syringe. After stirring at 
room temperature for 3h, the reaction mixture was heated to 60˚C. After 15h, the reaction was 
allowed to cool to room temperature and then quenched with 1M HCl(aq) (10 mL) and extracted 
with DCM (2 x 10 mL). Combined organics were washed with saturated sodium bicarbonate (10 
mL), then brine (10 mL), dried over MgSO4, filtered and concentrated in vacuo to yield a crude 
red oil. The oil was purified by column chromatography to yield 137 mg (83%) of a clear 
colorless oil.  
Rf = 0.42 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3, mixture of rotamers): δ 7.38-7.36 (m, 0.5H), 7.31-7.27 (m, 3H), 
7.23-7.21 (m, 2H), 6.89 (s, 0.5H), 5.89-5.76 (m, 1H), 5.25 (d, J = 14.8 Hz, 1H), 5.16-5.10 (m, 
1H), 4.71 (d, J= 6.0 Hz, 0.5H), 4.59 (qd, J = 5.1, 13.4 Hz, 1.5H), 4.27 (d, J = 14.7 Hz, 1H), 2.44 
(s, 3H), 2.12 (s, 3H) 
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N-benzyl-2-chloro-5,6-dimethylpyridin-3-amine (1.65): An oven dried 50 mL Schlenk tube 
was charged with palladium(0)tetrakistriphenylphosphine (23 mg, 0.02 mmol, 0.05 equiv.) and 
sodium borohydride (78 mg, 2.07 mmol, 5.0 equiv.) and evacuated and purged with Ar(g). MeOH 
(1 mL) was then added and to the stirred solution was added a solution of the allyl 
benzylcarbamate 1.64 (137 mg, 0.41 mmol, 1.0 equiv.). The resulting reaction was stirred at 
room temperature for 10 minutes before diluting with DCM (10 mL) and filtering through a plug 
of Celite. The filtrate was concentrated down to yield 101 mg of a crude red oil. The oil was 
purified by column chromatography to yield 65 mg (64%) of a white solid. 
Rf = 0.54 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 7.37-7.29 (m, 5H), 6.66 (s, 1H), 4.56 (br s, 1H), 4.37 (d, J = 5.8 
Hz, 2H), 2.34 (s, 3H), 2.15 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ 144.2, 138.4, 138.3, 133.1, 131.3, 128.9, 127.5, 127.2, 120.4, 
47.7, 21.0, 18.9 
Elemental Combustion: Anal. calcd. for C14H15ClN2: C, 68.15, H, 6.13, N, 11.35; Found: C, 
68.17, H, 5.83, N, 11.18 
Melting Point: 72.5-74 ˚C 
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N-([1,1'-biphenyl]-4-ylmethyl)-2-chloro-5,6-dimethylpyridin-3-amine 
(1.66): A flame dried 50 mL round bottom flask was charged with 3-amino-2-chloro-5,6-
dimethylpyridine 1.58 (153 g, 0.9 mmol, 1.0 equiv.), EtOAc (5 mL) and p-anisaldehyde (0.13 
mL, 1.08 mmol, 1.1 equiv.). The mixture was allowed to stir until complete dissolution (about 2 
min) at which time trifluoroacetic acid (0.15 mL, 1.8 mmol, 2.0 equiv.) was added as a single 
portion via syringe. The resulting yellow solution was allowed to stir for 2 min before adding 
sodium triacetoxyborohydride (240 mg, 1.17 mmol, 1.2 equiv.) in two equal portions over 1 min. 
After stirring at room temperature for 30 min, the reaction was judged complete by TLC and 
quenched by addition of 20% aqueous NaOH (5 mL). The solution was basified to pH=8 by 
addition of NaOH(s). The layers were separated and the aqueous layer was extracted with EtOAc. 
The combined organic layers were washed with brine (5 mL), dried over MgSO4, filtered and 
concentrated in vacuo to give a yellow-brown solid, which was purified by column 
chromatography eluting with 30% EtOAc in hexanes to provide 245 mg (87%) yield of a white 
microcrystalline solid.  
Rf = 0.36 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 7.61-7.58 (m, 4H), 7.47-7.32 (m, 5H), 6.74 (s, 1H), 4.65 (bs, 
1H), 4.43 (s, 2H), 2.39 (s, 3H), 2.18 (s, 3H)  
13
C NMR (75 MHz, CDCl3): δ 144.4, 140.8, 140.6, 138.5, 137.4, 133.3, 131.4, 128.9, 127.7, 
127.6, 127.5, 127.2, 120.6, 47.5, 21.1, 19.0 
IR (film): v = 3425, 3028, 2874, 1598, 1489, 1008, 698 cm
-1 
Elemental Combustion: Anal. calcd. for C20H19ClN2: C, 74.41; H, 5.93; N, 8.68; found: C, 
74.67; H, 5.90; N, 8.45. 
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Melting Point: 102-104˚C 
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1-([1,1'-biphenyl]-4-ylmethyl)-5,6-dimethyl-1H-imidazo[4,5-b]pyridine (1.67): A 25 mL 
oven dried Schlenk tube equipped with a magnetic stir bar was charged with K3PO4 (128 mg, 0.6 
mmol, 1.5 equiv.),   Pd2dba3∙CHCl3 (4.14 mg, 0.004 mmol, 0.01 equiv.), L5 (11.6 mg, 0.02 
mmol, 0.05 equiv.), and N-([1,1'-biphenyl]-4-ylmethyl)-2-chloro-5,6-dimethylpyridin-3-amine 
1.66 (129 mg, 0.4 mmol, 1.0 equiv.). The tube was evacuated and back-filled with Ar(g). Dioxane 
(1.85 mL) was added via syringe followed by formamide (24 µL, 0.6 mmol, 1.5 equiv.), then t-
AmylOH (0.15 mL). The reaction mixture was degassed three times with vacuum/Ar(g) purge 
cycles. The reaction vessel was equipped with a cold-finger under a positive pressure of Ar(g) and 
immersed in a 110˚C pre-heated oil bath for 18h at which time TLC showed full consumption of 
the starting material. The reaction was cooled to room temperature, diluted with MeOH (4 mL), 
filtered through a Celite plug and concentrated in vacuo to yield a dark brown oil. The crude 
material was purified through silica gel chromatography, eluting with 4% MeOH/DCM to yield 
22 mg (18%) of a white solid. 
1
H NMR (300 MHz, CDCl3): δ 8.08 (s, 1H), 7.58-7.54 (m, 4H), 7.46-7.41 (m, 2H), 7.38-7.33 
(m, 2H), 7.24-7.21 (m, 2H), 5.36 (s, 2H), 2.61 (s, 3H), 2.35 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ 154.7, 153.2, 144.2, 141.6, 140.3, 134.2, 129.0, 127.9, 127.8, 
127.5, 127.2, 126.9, 125.0, 119.0, 49.2, 23.2, 20.2 
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2-chloro-N-(4-methoxybenzyl)-5,6-dimethylpyridin-3-amine (1.68): A flame dried 50 mL 
round bottom flask was charged with 3-amino-2-chloro-5,6-dimethylpyridine 1.58 (305 mg, 1.95 
mmol, 1.0 equiv.), EtOAc (5 mL) and p-anisaldehyde (0.26 mL, 2.15 mmol, 1.1 equiv.). The 
mixture was allowed to stir until complete dissolution (about 2 min) at which time trifluoroacetic 
acid (0.30 mL, 3.9 mmol, 2.0 equiv.) was added as a single portion via syringe. The resulting 
yellow solution was allowed to stir for 2 min before adding sodium triacetoxyborohydride (480 
mg, 2.34 mmol, 1.2 equiv.) in two equal portions over 1 min. After stirring at room temperature 
for 30 min, the reaction was judged complete by TLC analysis and quenched by addition of 20% 
aqueous NaOH (5 mL). The solution was basified to pH=8 by addition of NaOH(s). The layers 
were separated and the aqueous layer was extracted with EtOAc (3 x 5 mL). The combined 
organic layers were washed with brine (5 mL), dried over MgSO4, filtered and concentrated in 
vacuo to give a yellow-brown solid, which was purified by column chromatography eluting with 
30% EtOAc in hexanes to provide 491 mg (91%) yield of light yellow oil.  
Rf = 0.4 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 7.26 (d, J = 8.7 Hz, 2H), 6.89 (d, J = 8.4 Hz, 2H), 6.68 (s, 1H), 
4.46 (bs, 1H), 3.80 (s, 3H), 2.33 (s, 3H), 2.16 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ 159.0, 144.0, 138.4, 133.0, 131.3, 130.2, 128.5, 120.4, 114.2, 
55.3, 47.2, 20.9, 18.8 
IR (film): v = 3415, 2934, 2836, 1598, 1512, 1491, 1247, 821 cm
-1
 
Elemental Combustion: Anal. Calcd. for C15H17ClN2O: C, 65.10; H, 6.19; N, 10.12; found: C, 
65.04; H, 6.43; N, 9.85. 
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1-(4-methoxybenzyl)-5,6-dimethyl-1H-imidazo[4,5-b]pyridine (1.69): A 25 mL oven dried 
Schlenk tube equipped with a magnetic stir bar was charged with K3PO4 (128 mg, 0.6 mmol, 1.5 
equiv.), Pd2dba3∙CHCl3 (4.14 mg, 0.004 mmol, 0.01 equiv.), L4 (9.9 mg, 0.02 mmol, 0.05 
equiv.), and 2-chloro-N-(4-methoxybenzyl)-5,6-dimethylpyridin-3-amine 1.68 (111 mg, 0.4 
mmol, 1.0 equiv.). The tube was evacuated and back-filled with Ar(g). Tert-butanol (2.0 mL) was 
added and the reaction mixture was degassed threee times with vacuum/Ar(g) purge cycles. The 
reaction vessel was equipped with a cold-finger under a positive pressure of Ar(g) and immersed 
in a 110˚C pre-heated oil bath for 8h at which time TLC showed full consumption of the starting 
material. The reaction was cooled to room temperature, diluted with MeOH (4 mL), filtered 
through a Celite plug and concentrated in vacuo to yield a dark brown oil. The crude material 
was purified through silica gel chromatography, eluting with 4% MeOH/DCM to yield 75 mg 
(70%) of a white solid.   
Rf = 0.15 (5% MeOH/DCM) 
1
H NMR (300 MHz, CDCl3): δ 7.98 (s, 1H), 7.27 (s, 1H), 7.09 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 
8.6 Hz, 2H), 5.22 (s, 2H), 3.77 (s, 3H), 2.57 (s, 3H), 2.32 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ 159.7, 154.7, 153.0, 144.0, 128.6, 127.1, 126.6, 124.9, 118.9, 
114.5, 55.4, 49.0, 23.1, 20.1 
Elemental Combustion: Anal. calcd. for C16H17N3O: C, 71.89; H, 6.41; N, 15.72; found: C, 
71.79; H, 6.60; N, 15.45 
Melting Point: 114-115˚C 
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4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (1.71): Prepared according to 
literature procedure.
96
 A 500 mL round bottom flask equipped with a mechanical stirrer was 
charged with K2CO3 (4.0 g, 29 mmol, 0.29 equiv.) and water (200 mL). Cyanoacetamide (8.4 g, 
100 mmol. 1.0 equiv.) was added followed by acetylacetone 1.70 (10.0 g, 10.25 mL, 100 mmol, 
1.0 equiv.). The reaction was stirred at room temperature for 24h, filtered through a coarse fritted 
funnel and dried under vacuum to yield 13.2 g (89%) of the product as a white solid. 
Rf = 0.39 (5% MeOH/DCM) 
1
H NMR (400 MHz, CDCl3): δ 12.8 (br s, 1H), 6.09 (s, 1H), 2.44 (s, 3H), 2.41 (s, 3H) 
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2-chloro-4,6-dimethylnicotinonitrile: A flame dried 25 mL round bottom flask was charged 
with cyanopyridone 1.71 and phosphorous(V)oxychloride (10.4 g, 5.4 mL, 68 mmol, 2.0 equiv.). 
The reaction was refluxed for 12h before being allowed to cool to room temperature. The 
reaction was poured into 100 mL ice water and stirred for a few hours to form a precipitate. The 
precipitate was filtered, washed with hexanes, and dried under vacuum to yield 4.77 g (84%) of a 
light tan product. 
Rf: 0.87 (5% MeOH/DCM) 
1
H NMR (400 MHz, CDCl3): δ 7.07 (s, 1H), 2.56 (s, 3H), 2.54 (s, 3H) 
Melting Point: 96-98˚C 
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2-chloro-4,6-dimethylnicotinamide (1.72): A 25 mL round bottom flask was charged with 2-
chloro-4,6-dimethylnicotinonitrile (500 mg, 3.0 mmol, 1.0 equiv.) and concentrated H2SO4 (5.0 
mL). The reaction was placed in a 110˚C oil bath for 16h. The reaction was allowed to cool to 
room temperature and then cooled in an ice bath. Ammonium hydroxide was added slowly 
maintaining the temperature below 10˚C until pH was about 6. The resulting precipitate was 
filtered and washed with water, then hexanes and dried under vacuum to yield 400 mg (72%) of 
a light tan solid.  
1
H NMR (400 MHz, DMSO): δ 7.97 (s, 1H), 7.73 (s, 1H), 7.17 (s, 1H), 2.40 (s, 1H), 2.25 (s, 1H) 
13
C NMR (100 MHz, CDCl3): δ 166.9, 157.8, 147.0, 145.1, 131.1, 123.7, 23.2, 18.5 
Elemental Combustion: Anal. calcd. for C8H9ClN2O: C, 52.04, H, 4.91, N, 15.17; Found: C, 
52.24, H, 4.76, N, 14.94 
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5,6-dimethyl-3-nitropyridin-2-yl trifluoromethanesulfonate: 
To a flame dried 100 mL round bottom flask equipped with a magnetic stir bar was added nitro 
pyridone 1.57 (450 mg, 2.67 mmol, 1.0 equiv.), 4-methyl-2,6-di-t-butyl pyridine (660 mg, 3.21 
mmol, 1.2 equiv.), and DCM (15 mL). The solution was cooled to 0˚C in an ice-water bath. 
Added trifluoroacetic anhydride (0.68 mL, 4.02 mmol, 1.5 equiv.) and stirred for 15 minutes 
before removing from the ice-water bath. After 1h, the reaction was judged complete by TLC 
analysis. The reaction was quenched by addition of saturated sodium bicarbonate (5 mL), 
extracted with DCM (2 x 10 mL), washed with brine (10 mL), dried over MgSO4, filtered and 
concentrated in vacuo to yield dark brown oil. The oil was purified by column chromatography 
eluting with 5% EtOAc/Hex to provide 580 mg (72%) as a brown oil.  
Rf = 0.34 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 8.28 (s, 1H), 2.59 (s, 3H), 2.44 (s, 3H) 
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2,3-dimethyl-5-nitro-6-phenylpyridine (1.74)  was prepared following a literature procedure.
141
 
A flame dried 25 mL round bottom flask equipped with a magnetic stir bar was added 5,6-
dimethyl-3-nitropyridin-2-yl trifluoromethanesulfonate (108 mg, 0.36 mL, 1.0 equiv.), 
phenylboronic acid (45.1 mg, 0.37 mmol, 1.03 equiv.) and 1,4 dioxane (2 mL). Added Pd(PPh3)4 
(12.5 mg, 0.01 mmol, 0.03 equiv.) and sodium carbonate (50 mg) and placed reaction in a pre-
heated oil bath at 85˚C. After 18h, the reaction was judged complete by TLC analysis. The 
reaction was diluted with DCM (10 mL) and quenched by addition of NH4OH (1 mL) and 2M 
sodium carbonate (5 mL). The layers were separated and the aqueous layer was extracted with 
DCM (2 x 5 mL). The combined organics were dried over MgSO4, filtered and concentrated in 
vacuo to yield red oil. The crude oil was purified by column chromatography eluting with 5% 
EtOAc/Hex to provide 60 mg (73%) as a clear colorless oil. 
Rf = 0.54 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 7.90 (s, 1H), 7.54-7.43 (m, 5H), 2.63 (s, 3H), 2.41 (s, 3H) 
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2-(dichloromethyl)-3-methyl-5-nitro-6-phenylpyridine (1.75): To a flame dried 25 mL round 
bottom flask equipped with a magnetic stirrer and reflux condenser was added 2,3-dimethyl-5-
nitro-6-phenylpyridine 1.74 (60 mg, 0.26 mmol, 1.0 equiv.), N-chlorosuccinimide (42 mg, 0.32 
mmol, 1.2 equiv.) and acetonitrile (3 mL). The reaction was stirred under reflux for 15h before 
cooling to room temperature. The solvent was removed in vacuo to yield a brown residue. The 
crude material was purified by column chromatography eluting with 2.5% EtOAc/Hex to yield 
17 mg (22%) of product as a brown solid.  
Rf = 0.56 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ 8.00 (d, J = 0.5 Hz, 1H), 7.60-7.56 (m, 2H), 7.50-7.45 (m, 3H), 
6.95 (s, 1H), 2.74 (d, J = 0.6 Hz, 3H) 
13
C NMR (75 MHz, CDCl3): δ 156.5, 149.2, 145.9, 136.1, 135.3, 131.8, 130.1, 128.9, 128.4, 
70.3, 18.1 
IR (film): v = 2919, 2851, 1542, 1448, 1071 cm
-1 
Elemental Combustion: Anal. calcd. for C13H10Cl2N2O2: C, 52.55; H, 3.39; N, 9.43; found: C, 
52.74; H, 3.24; N, 9.56 
Melting Point: 79-80.5˚C 
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5,6-dimethyl-2-phenylpyridin-3-amine (1.76): To a flame dried 10 mL round bottom flask 
equipped with a reflux condenser and magnetic stir bar was added nitro-pyridine 1.74 (300 mg, 
1.3 mmol, 1.0 equiv.), iron powder (110 mg, 1.97 mmol, 1.5 equiv.), ethanol (3.25 mL), water 
(0.7 mL), and concentrated HCl (1 drop) and the resulting mixture was heated to reflux. After 3h, 
the reaction was judged complete by TLC analysis. The reaction was allowed to cool to ambient 
temperature before being filtered through Celite. The filtrate was concentrated in vacuo to yield a 
brown residue. The residue was taken up in water (10 mL), and basified to pH of 12 with 
NH4OH(aq) (2 mL). Extracted with EtOAc (2 x 10 mL), dried over MgSO4, filtered and 
concentrated in vacuo to yield 212 mg (82%) as an orange oil. 
Rf = 0.41 (5% MeOH/DCM) 
1
H NMR (300 MHz, CDCl3): δ 7.63-7.62 (m, 2H), 7.48-7.42 (m, 2H), 7.38-7.32 (m, 1H), 6.86 
(s, 1H), 3.62 (br s, 2H), 2.44 (s, 3H), 2.24 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ 147.0, 141.7, 138.9, 137.7, 130.9, 128.7, 128.6, 127.8, 124.8, 
21.6, 18.9 
IR (film): v = 2918, 1619, 1465, 1073 cm
-1
 
Elemental Combustion: Anal. Calcd. for C13H14N2: C,78.75; H, 7.12; N, 14.13; found: C, 
78.89; H, 6.82; N, 13.91 
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2,6-Dichloro-N-(4-methoxybenzyl)pyridin-3-amine (1.88)
142
: To a flame-dried 100 mL round 
bottom flask was added 3-amino-2,6-dichloropyridine (2.5 g, 15.6 mmol), EtOAc (24 mL), and 
p-methoxybenzaldehyde (2.08 mL, 17.1 mmol). The mixture was allowed to stir until complete 
dissolution at which time trifluoroacetic acid (2.31 mL, 31.1 mmol) was added as a single 
portion. After stirring for 2 min, sodium triacetoxyborohydride (3.96 g, 18.7 mmol) was added 
portion-wise. The reaction was stirred for 30 minutes at which time TLC showed full 
consumption of starting material. The reaction was quenched with 20% aqueous NaOH and the 
pH was adjusted to pH=8 with NaOH(s). The layers were separated and the organic layer was 
washed with brine, dried over MgSO4, filtered and concentrated in vacuo to give 1.87 g of a 
crude solid. The crude material was recrystallized from 20 mL 2:1 hexanes:EtOAc to yield 2.93 
g (66%) of a white crystalline solid. 
1
H NMR (300 MHz, CDCl3) δ = 7.25 (d, J= 8.4 Hz, 2H), 7.05 (d, J= 8.4 Hz, 1H), 6.89 (d, J= 8.4 
Hz, 2H), 6.84 (d, J= 8.4 Hz, 1H), 4.31 (s, 2H), 3.81 (s, 3H) 
13
C NMR (75.4 MHz, CDCl3) δ =159.4, 139.9, 135.9, 134.9, 129.3, 128.5, 123.6, 120.7, 114.5, 
55.5, 47.3 
IR (film): v = 3366, 1584, 1487, 1095 cm
-1
 
Elemental Combustion: Anal. calcd. for C13H12Cl2N2O: C; 55.14, H: 4.27, N: 9.89. Found: C: 
55.44, H: 4.34, N: 9.63 
Melting Point: 60-63˚C 
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5-chloro-1-(4-methoxybenzyl)-1H-imidazo[4,5-b]pyridine (1.89)
142
: Representative 
procedure from Table 3, entry 16: To an oven-dried 25 mL Schlenk tube equipped with a 
magnetic stirbar was added Pd2dba3∙CHCl3 (4.14 mg, 0.004 mmol, 0.02 equiv.), L5 (11.6 mg, 
0.02 mmol, 0.10 equiv.), K3PO4 (85 mg, 0.4 mmol, 2.0 equiv.) and the 2,5-Dichloro-N-(4-
methoxybenzyl)pyridin-3-amine 1.88 (57 mg, 0.2 mmol, 1.0 equiv.). The reaction vessel was 
evacuated and back-filled with Ar(g). 1,4-Dioxane (1.0 mL) was added via syringe followed by 
formamide (14 mg, 12 µL, 0.3 mmol, 1.5 equiv.) and the reaction mixture was degassed three 
times by vacuum/Ar(g) purge cycles. The reaction vessel was then equipped with a cold-finger, 
and placed in a pre-heated 110˚C oil-bath and stirred until judged complete by TLC. The 
reaction mixture was allowed to cool to room temperature, diluted with methanol, and filtered 
through a Celite plug, washing with additional methanol. The filtrated was concentrated in vacuo 
to provide an oil. The crude yield was determined with 
1
H NMR using distilled mesitylene as an 
internal standard. Purification of the crude oil was achieved by flash column chromatography 
(3% MeOH in CH2Cl2) to yield 20 mg (37%) of the product as a light brown solid.  
1
H NMR (300 MHz, CDCl3) δ= 8.43 (d, J = 2.4 Hz, 1H), 8.11 (s, 1H), 7.52 (d, J = 2.4 Hz, 1H), 
7.10 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.24 (s, 2H), 3.76 (s, 3H) 
13
C NMR (75.4 MHz, CDCl3) δ= 159.9, 154.9, 146.1, 144.0, 128.8, 126.4, 126.2, 126.0, 118.2, 
114.7, 55.4, 49.3 
IR (film): v = 3041, 3003, 2934, 2837, 1611, 1514, 1491, 1406, 1250, 1177, 1032, 917 cm
-1
 
Elemental Combustion: Anal. calcd. for C14H12ClN3O: C; 61.43; H, 4.42; N, 15.35; found C, 
61.60; H, 4.72; N, 14.95 
Melting Point: 108-109˚C  
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methyl 6-hydroxy-5-iodonicotinate (1.91): This compound was synthesized according to 
literature procedure.
104
 A flame dried 250 mL round bottom flask was charged with 6-
hydroxynicotinic acid 1.90 (10.0 g, 72.0 mmol, 1.0 equiv.) and methanol (52 mL). Added 
concentrated H2SO4 (5.8 mL, 108 mmol, 1.5 equiv.) and heated to reflux overnight. Removed 
from heating mantle and allowed to cool to room temperature. Added N-iodosuccinimide (19.4 
g, 86.0 mmol, 1.2 equiv.) and heated to reflux for 2 hours. Allowed to cool to room temperature 
and placed in ice-water bath. Added 10% Na2SO3 (aq) (30 ml) and then concentrated off half of 
the volume in vacuo. To the remaining volume was added H2O (25 mL) and then the reaction 
flask was placed in the freezer overnight. A tan solid had precipitated and was filtered through a 
coarse fritted funnel, washing through with additional water (10 mL). The solid was dried under 
vacuum to provide 15.0 g (94%) of a tan solid.  
Rf = 0.36 (5% MeOH/DCM) 
1
H NMR (400 MHz, DMSO-d6) δ= 12.50 (br s, 1H), 8.36 (d, J = 2.4 Hz, 1H), 8.09 (d, J = 2.4 
Hz, 1H), 3.77 (s, 3H) 
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(IA-5-159) methyl 6-chloro-5-iodonicotinate (1.92): This compound was synthesized 
according to literature procedure.
104
 A flame dried 250 mL round bottom flask equipped with a 
magnetic stir bar and reflux condenser was charged with methyl 6-hydroxy-5-iodonicotinate 1.91 
(15.0 g, 53.8 mmol, 1.0 equiv.) and 1,4-dioxane (75 mL). Added DIPEA (9.6 mL, 53.8 mmol, 
1.0 equiv.) followed by POCl3 (1.0 mL, 11 mmol, 0.2 equiv.) and placed in a preheated oil bath 
at 95˚C. After 30 minutes, added more POCl3 (9.3 mL, 99.3 mmol, 1.85 equiv.) and increased 
bath temperature to 110˚C. After 7h, TLC analysis showed consumption of starting material. The 
reaction was poured slowly into a flask charged with 150 mL of water submerged in an ice-brine 
salt bath. Filtered resulting precipitate and washed through with water, then hexanes. The 
resulting solid was dried under vacuum to provide 11.7 g (73%) of a brown solid. The material 
was dissolved in DCM and activated charcoal was added. The resulting mixture was filtered 
through a pad of silica gel (2.5cm x 4.0cm). The resulting filtrate was concentrated and 
recrystallized from hot MeOH (10 mL) to provide white crystals (85% recovery).  
Rf = 0.93 (5% MeOH/DCM) 
1
H NMR (400 MHz, CDCl3) δ= 8.93 (2.0 Hz, 1H), 8.72 (d, J = 2.0 Hz, 1H), 3.96 (s, 3H) 
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methyl 5-((tert-butoxycarbonyl)amino)-6-chloronicotinate (1.93): Representative 
procedure from Table 5, entry 1: A 25 mL oven dried Schlenk tube was charged with methyl 
6-chloro-5-iodonicotinate 1.92 (76 mg. 0.2 mmol, 1.0 equiv.), K3PO4 (85 mg, 0.4 mmol, 2.0 
equiv.), and 1,4-dioxane (0.5 mL). Added CuI (381 mg, 0.002 mmol, 0.01 equiv.) and L8 (0.48 
mL, 0.004, 0.02 equiv.) were added. The Schlenk tube was equipped with a cold-finger and 
placed in a preheated oil bath at 110˚C for 8h. The reaction was removed from the bath, filtered 
through a plug of Celite, and concentrated in vacuo to yield crude solid. The crude material was 
purified by column chromatography eluting with 20% EtOAc in hexanes to yield 11 mg (20%) 
of a white solid.  
1
H NMR (400 MHz, CDCl3) δ= 9.04 (d, J = 1.8 Hz, 1H), 8.62 (d, J = 2.1 Hz, 1H), 7.05 (s, 1H), 
3.93 (s, 3H), 1.54 (s, 9H) 
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methyl 6-(butylamino)-5-iodonicotinate (1.104): An oven dried 25 mL Schlenk tube was 
charged with methyl 6-chloro-5-iodonicotinate 1.92 (149 mg, 0.5 mmol, 1.0 equiv.), K3PO4 (212 
mg, 1.0 mmol, 2.0 equiv.) and 1,4-dioxane (1.0 mL). Added n-butylamine (74 µL, 0.75 mmol, 
1.5 equiv.) and equipped with a cold-finger. The reaction was placed in a preheated oil bath at 
110˚C for 5 hours. The reaction was then cooled down to room temperature, diluted with DCM 
(2 mL) and filtered through a plug of Celite. The filtrated was concentrated in vacuo to provide a 
brown oil. The crude oil was purified by silica gel chromatography eluting with 5-10% Et2O in 
hexanes to provide 109 mg (65%) of a clear colorless oil. 
Rf = 0.24 (5% Et2O/Hexanes x2) 
 
1
H NMR (400 MHz, CDCl3) δ= 8.70 (d, J = 2.0 Hz, 1H), 8.38 (d, J = 2.0 Hz, 1H), 5.36 (br s, 
1H), 3.86 (s, 3H), 3.50 (td, J = 5.5, 7.1 Hz, 2H), 1.68-1.60 (m, 2H), 1.48-1.39 (m, 2H), 0.98 (t, J 
= 7.4 Hz, 3H) 
 
13
C NMR (100 MHz, CDCl3) δ= 165.4, 158.6, 150.8, 147.1, 116.3, 78.6, 52.0, 42.4, 31.6, 20.3, 
14.0 
 
Elemental Combustion: Anal. calcd. for C11H15IN2O2: C; 39.54; H, 4.52; N, 8.38; found C, 
39.17; H, 4.57; N, 8.25 
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methyl 6-(benzylamino)-5-iodonicotinate (1.105): An oven dried 25 mL Schlenk tube was 
charged with methyl 6-chloro-5-iodonicotinate 1.92 (149 mg, 0.5 mmol, 1.0 equiv.), K3PO4 (212 
mg, 1.0 mmol, 2.0 equiv.) and 1,4-dioxane (1.0 mL). Added benzylamine (82 µL, 0.75 mmol, 
1.5 equiv.) and equipped with a cold-finger. The reaction was placed in a preheated oil bath at 
110˚C for 5 hours. The reaction was then cooled down to room temperature, diluted with DCM 
(2 mL) and filtered through a plug of Celite. in vacuo to provide a brown oil. The crude oil was 
purified by silica gel chromatography eluting with 5-10% Et2O in hexanes to provide 106 mg 
(57%) of a clear colorless oil. 
Rf = 0.28 (5% Et2O/Hexanes x2) 
1
H NMR (300 MHz, CDCl3) δ= 8.76 (d, J = 1.9 Hz, 1H), 8.47 (d, J = 1.9 Hz, 1H), 7.39-7.32 (m, 
5H), 5.71 (br s, 1H), 4.76 (d, J = 5.5 Hz, 2H), 3.90 (s, 3H) 
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tert-butyl pyridin-3-ylcarbamate (1.108): A flame dried 3 neck 250 mL round bottom flask 
was charged with 3-aminopyridine 1.107 (9.4 g, 100 mmol, 1.0 equiv.), water (10 mL), and 
iPrOH (30 mL). Added a solution of di-tert-butyl dicarbonate (25.1 g, 115 mmol, 1.15 equiv.) in 
iPrOH (10 mL) dropwise over 30 minutes. After 6.5 hours, the reaction mixture was 
concentrated in vacuo to provide a yellow solid. The solid was taken up in MTBE (50 mL) and 
washed with brine (30 mL). The organic layer was dried over MgSO4, filtered and concentrated 
in vacuo to provide 16.9 g of a yellow solid (87%). The compound was relatively pure but had a 
darker orange color and was therefore recrystallized. To the resulting solid was added 120 mL of 
a hot solution of 2:1 hexanes:EtOAc and filtered hot to remove some solid particulates. The hot 
filtrate was allowed to cool to room temperature and then placed in the freezer overnight. The 
resulting solid was filtered and dried under vacuum to provide 11.9 g of a light tan powder. 
(61%) 
1
H NMR (400 MHz, CDCl3) δ= 8.51 (s, 1H), 8.27 (dd, J = 1.4 Hz, 1H), 8.05 (br s, 1H), 7.30-
7.27 (m, 1H), 6.75 (br s, 1H), 1.53 (s, 9H) 
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tert-butyl (4-chloropyridin-3-yl)carbamate (1.106): To a flame dried 1L three-neck round 
bottom flask equipped with a magnetic stir bar and a 500 mL graduated addition funnel was 
added tert-butyl pyridin-3-ylcarbamate 1.108 (20.0 g, 103.0 mmol, 1.0 equiv) and DME (380 
mL). The reaction flask was placed in a dry ice/acetone bath and allowed to cool to -78˚C 
(temperature monitored by internal thermometer). n-Butyllithium (101 mL, 247.1 mmol, 2.4 
equiv.) was added dropwise over 30 minutes via an addition funnel (temperature of reaction rose 
to -67.2 ˚C). The reaction was allowed to warm slowly in the bath over 1.5h, at which point the 
internal temperature of the reaction rose to -20˚C. Dry ice was added periodically to the acetone 
bath to maintain a temperature between -20˚C and -10˚C over 2 hours. The reaction was then 
cooled back down to -78˚C. A solution of hexachloroethane (34 g, 144 mmol, 1.4 equiv.) in 
DME (50 mL) was added slowly via an addition funnel. The reaction was allowed to stir and 
warm slowly to room temperature overnight. TLC analysis of the reaction after 16h showed 
complete consumption of starting material. The reaction was quenched with aqueous NH4Cl (130 
mL) and the layers were separated. Extracted from the aqueous layer with EtOAc (3 x 100 mL). 
The combined organics were washed with brine (100 mL), dried over MgSO4 (~20 g), and 
filtered. The flask was washed with an additional 50 mL EtOAc and washed through the filter. 
The filtrate was concentrated in vacuo (40 ˚C @ 100 mbar) to yield a black oil. To the oil was 
added DCM (120 mL) and activating carbon (30 g). The flask was heated to reflux and stirred for 
2h before filtering through a pad of silica gel (8.0 cm x 4.0 cm). The pad was washed through 
with an additional 300 mL of DCM. The filtrated was concentrated down to yield a dark brown 
solid. The solid was dissolved in DCM (100 mL) and activating carbon (10 g) was added. The 
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mixture was immediately filtered through a pad of silica gel (8.0 cm x 4.0 cm). The pad was 
washed through with an addition 1000 mL of DCM. The filtrate was concentrated in vacuo to 
provide 20.75 g of a yellow-orange solid (85%). 
1
H NMR (300 MHz, CDCl3) δ= 9.39 (s, 1H), 8.23 (d, J = 5.2 Hz, 1H), 7.31 (d, J = 5.2 Hz, 1H), 
6.86 (s, 1H), 1.58 (s, 1H) 
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4-chloro-N-(2,5-dimethoxybenzyl)pyridin-3-amine (1.44a): A flame dried 50 mL round 
bottom flask equipped with a magnetic stir bar was charged with 3-Boc-amino-4-chloropyridine 
1.106 (1.0 g, 4.2 mmol, 1.0 equiv.) and trifluoroacetic acid (3.1 mL, 42 mmol, 10 equiv.). The 
reaction was stirred for 3h at room temperature. EtOAc (5 mL) was added to the reaction vessel, 
followed by 2,5-dimethoxybenzaldehyde (768 mg, 4.62 mmol, 1.1 equiv.). The reaction was 
stirred for 10 minutes before adding STAB (535 mg, 2.52 mmol, 0.6 equiv.). After 20 minutes, 
another portion of STAB (535 mg, 2.52 mmol, 0.6 equiv.) was added. The reaction stirred at 
room temperature for 30 minutes. TLC analysis showed complete consumption of starting 
material. The reaction was placed in an ice water bath and quenched by addition of 3 mL of 1 M 
aqueous NaOH. NaOH(s) was then added until the pH was ~ 8. At room temperature, the solution 
was diluted with water (5 mL) and EtOAc (5 mL). The layers were separated and the organic 
layer was washed with brine, dried over MgSO4, filtered and concentrated in vacuo to provide a 
brown oil. The oil was purified by column chromatography eluting with 2% MeOH in DCM to 
yield 700 mg of a light yellow oil. The oil was recrystallized by dissolving into 1 mL of hot 
ethanol and layering with 20 mL of ambient temperature hexanes. It was placed in the freezer 
overnight to crystallize. White crystals formed and were filtered and washed with hexanes, then 
dried under vacuum to provide 550 mg of product. The mother liquor was concentrated down 
and recrystallized through the same method to produce a second crop. The combined white 
crystals were dried under vacuum to provide a total yield of 580 mg (50%) of product. 
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Rf = 0.55 (5% MeOH/DCM) 
1
H NMR (400 MHz, CDCl3) δ= 8.07 (s, 1H), 7.88 (d, J = 5.0 Hz, 1H), 7.19 (d, J = 5.1 Hz, 1H), 
6.89-6.78 (m, 3H), 4.80 (br s, 1H), 4.46 (d,  J = 6.12 Hz, 2 H), 3.86 (s, 3H), 3.76 (s, 3H)  
13
C NMR (100 MHz, CDCl3) δ= 153.8, 151.7, 140.6, 138.6, 134.1, 127.9, 127.1, 123.9, 115.4, 
112.6, 111.5, 55.9, 55.8, 43.1 
IR (film): ν = 3293, 2914, 1582 cm 
-1 
Elemental Combustion: Anal. Calcd for C14H15ClN2O2: C, 60.33; H, 5.42; N, 10.05. Found: C, 
60.73; H, 5.33; N, 9.68   
Melting Point: 68-69˚C 
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2.0  RAPID SYNTHESIS OF 3,3’-BIS-ARYLATED BINOL DERIVATIVES USING A C-H 
BORYLATION IN SITU SUZUKI-MIYAURA COUPLING SEQUENCE 
2.1 INTRODUCTION 
Over the past century, studies toward efficient asymmetric catalytic methods have been 
aggressively undertaken.
1,2
 Recently, the Clark group synthesized various indene derivatives 
through a platinum-catalyzed Rautenstrauch reaction with propargyl carbonates.
3
 An extensive 
ligand screen of the asymmetric decarboxylative allylation of 2.1 by Jinbo Zhao resulted in 
conditions that yielded indenone 2.3 with an er of 78:22 (Scheme 27).
3
  
Scheme 27: Synthesis of indenone 2.3 
 
A few modifications of L9 were explored but provided no improvement in 
enantioselectivity. We felt that an alternative ligand scaffold with greater accessibility would be 
a better area to explore. We became interested in synthesizing derivatives of BINAP. (R)-BINAP 
provided no enantioselectivity, however we felt that a derivative, such as 3,3’-(Ph)2BINAP 2.10, 
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could be used. Introducing bulkier groups at the 3 and 3’ positions can enhance the steric 
environment around the metal, decrease the bite angle,
4
 and influence the electronics of the 
phosphine to provide better enantioselectivity. For example, the hydrogenation of methyl 2-
acetamidoacrylate 2.4 by Xumu Zhang is shown in Scheme 28. The enantioselectivity of this 
transformation was improved by the introduction of phenyl groups at the 3 and 3’ positions of 
the binaphthyl moiety of BINAP (Scheme 28).
5
 
Scheme 28: Enantioselective hydrogenation of 2.4 
 
With this example, we felt that 3,3’-(Ph)2BINAP 2.10 might improve upon the 
enantioselectivity of the allylation. The synthesis of 3,3’-(Ph)2BINAP 2.10 can be achieved from 
the requisite 3,3’-(Ph)2BINOL 2.9a.
6
 In our hands, the literature sequence to synthesize 3,3’-
(Ph)2BINOL 2.9a
7
 required approximately one week to complete starting from commercially 
available (R)-BINOL 2.6 (Scheme 29). The sequence began with an alkylation of both alcohols 
of (R)-BINOL 2.6. Deprotonation of the 3 and 3’ positions with n-butyllithium followed by 
borylation and hydrolysis provided 3,3’-bisboronic acid 2.8. Suzuki coupling followed by 
deprotection using BBr3 provided the 3,3’-(Ph)2BINOL 2.9a in an overall yield of about 27% 
from commercially available (R)-BINOL 2.6. 
 
 
Scheme 29: Synthesis of 3,3’-(Ph)2BINOL 2.9a en route to 3,3’-(Ph)2BINAP 2.10 
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Once we had 3,3’-(Ph)2BINOL 2.9a in hand, we attempted to synthesize the 3,3’-
(Ph)2BINAP 2.10 using nickel catalysis but were unsuccessful.
6
 In our effort to synthesize the 
abovementioned BINAP, the amount of precursor available quickly diminished. It was 
unfavorable to go through the laborious chemical manipulations to obtain the requisite precursor 
2.9a. Typically, the synthesis of 3,3’-bis-arylated BINOL 2.9 is achieved either through the 
synthesis of a 3,3’-bis-boronic acid 2.8a
7
 or a 3,3’-bis-halide 2.8b
8-10
 followed by cross coupling 
to install the aryl group (Scheme 30). Both approaches require the use of large amounts of 
alkyllithium reagents, the handling of various synthetic intermediates, and multiple purifications. 
Moreover, the use of harsh reagents such as BBr3 to remove methyl ethers is unattractive.
11,12
 
Scheme 30: Conventional routes toward the synthesis of 3,3’-bis-arylated BINOL 2.9 
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This prompted us to investigate a quicker method to developing 3,3’-bis-arylated BINOL 
derivatives 2.9. Chiral binaphthol (BINOL) derivatives have become beneficial due to their use 
in asymmetric Brønsted acid catalysis.
13-18
 Besides being precursors to 3,3’-bisarylated BINAP 
2.10,
6
 3,3’-bis-arylated BINOL derivatives 2.9 are valuable precursors for an array of 
organocatalysts used in asymmetric transformations (Figure 5).
19-34
 Certain valuable BINOL 
derived organocatalysts are the bis(sulfuryl)imides 2.11 introduced by Berkessel,
29
 the 
sulfonimides 2.12 and bis-sulfonic acids 2.13 introduced by List,
22
 the phosphoric acids 2.14 
introduced by Akiyama
32
 and Terada,
33
 the phosphorodithioic acids 2.15 introduced by 
Blanchet,
27
 and the N-Triflyl phosphoramides 2.16, introduced by Yamamoto.
19
 Furthermore, 
phosphoramadites 2.17 developed by Feringa
28
 have found considerable use in hydrogenation 
chemistry. Theoretical and experimental studies have shown that aryl substitution at the 3 and 3’ 
positions on the BINOL backbone have considerable influence on these catalysts.
35-39
 
Although a handful of these compounds are commercially available, they are rather 
expensive. The high cost is likely due to the tedious chemical manipulations mentioned 
previously for their respective BINOL precursor. Despite a significant growth of interest in these 
remarkable compounds
22,38,40,41
 minimal progress has been made toward an efficient synthesis of 
enantiomerically pure 3,3’-bis-arylated BINOL 2.9.
42-45
 Because asymmetric catalysis demands 
the rapid screening of catalysts and ligands,
46-48
 we sought an efficient approach to 3,3’-bis-
arylated BINOL derivatives 2.9. We became interested in the use of C-H activation to achieve 
this objective. 
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Figure 5: Examples of BINOL derived organocatalysts and ligands (R = H, Ar) 
 
2.1.1 C-H Borylation 
The pursuit of forming bonds with carbon without the need to pre-functionalize the 
coupling partners has become increasingly important. The recent trend towards “green 
chemistry” encourages the design of chemical processes that minimize the production of 
unwanted by-products, including hazardous halogen (Cl, Br, I) or pseudo-halogen (Sn, B(OH)2) 
by-products. A great deal of attention in the organic chemistry community has favored the 
concept of C-H activation.
49
 This strategy involves insertion of a metal into a C-H bond, making 
it a more reactive intermediate.
50
 C-H Activation is an exciting tool that can aid in the rapid 
construction of valuable compounds as well as allow late stage modifications of existing 
compounds.
51
 However, an important concern of C-H activation is regioselectivity. Although the 
electronic environment of a substrate is taken into consideration, a directing group is 
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constructively utilized near the site of activation which can bind to the organometallic complex 
bringing it in close proximity of the C-H bond of interest.
52,53
  
C-H activation is an essential tool for installing functional groups on a carbon that can be 
used for further chemical manipulation. C-H borylation, in particular, has grown increasingly 
important in the past decade. Boronates are valuable functional groups used in numerous 
transformations (Scheme 31).
54
  
Scheme 31: Transformations of boronates 
 
The utility of boronates has been widely established; however the commercial availability 
and accessibility of boronates is limited. A Miyaura borylation of an aryl halide
55
 or the 
hydroboration
56
 of an alkene are two typical methods used to synthesize boronates or boronic 
acids. C-H Borylation is a recent alternative route that can provide access to various boronates. 
The first aliphatic C-H borylation was reported by Hartwig and co-workers (Scheme 32). The 
regioselectivity of the borylation was difficult to control, but the borylation was favored at the 
least hindered, least electron rich carbon.
57,58
 The resulting boronates could also feasibly undergo 
a tandem coupling in situ. 
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Scheme 32: Hartwig’s C-H Borylation of Alkane and Subsequent Coupling 
 
The C-H borylation of aryl groups was also established by Hartwig and co-workers using 
an iridium catalyst with a bipyridyl ligand. The regioselectivity of these borylations is mainly 
controlled by sterics but for heterocyclic compounds, electronics plays a key role.
59
 For the case 
of anisole 2.21, sterics was chiefly responsible for the lack of ortho C-H borylation (Scheme 
33).
60
 
Scheme 33: C-H Borylation of Anisole 
 
The installation of a functional group, such as a borane, allows for various tandem 
reactions. This important advantage permits a feasible and rapid synthesis of valuable synthetic 
intermediates. In 2009, Milton Smith and co-workers demonstrated a one-pot borylation/Suzuki 
cross-coupling method to achieve thiophene 2.27 in good yield (Scheme 34).
61
 To successfully 
achieve the one-pot method, the solvent and volatile components were removed in vacuo prior to 
the Suzuki coupling. 
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Scheme 34: C-H Borylation followed by an in situ Suzuki coupling 
 
 More recently, Shen and co-workers utilized borane intermediates toward the synthesis of 
trifluoromethylated arene 2.30 (Scheme 35).
62
 After the successful borylation, the solvent and 
volatile components were also removed in vacuo prior to the copper catalyzed 
trifluoromethylation.   
Scheme 35: C-H Borylation followed by copper-catalyzed trifluoromethylation 
 
Filtering the borylation reaction mixture through a pad of Celite is an alternative method 
that can be used to remove any unwanted by-products from the borylation. For example, Steel et 
al. conducted the borylation of aryl groups followed by a 1,4 conjugate addition/reduction of 
enones.
63
 Through this process, they can achieve alcohols similar to 2.33 in good to high yields 
(Scheme 36). 
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Scheme 36: C-H Borylation followed by 1,4 conjugate addition/reduction 
 
C-H borylation has also been utilized toward the synthesis of valuable natural products. 
Recently, Sperry and Wang demonstrated an efficient route toward biologically active 
indolequinones (Scheme 37).
64 
The synthesis began with a borylation of indole 2.25, followed by 
oxidation-hydrolysis to provide 7-hydroxyindole 2.27, a valuable synthetic intermediate. The 
synthesis was completed with an oxidation using Salcomine. 
Scheme 37: Use of C-H borylation toward the synthesis of indolequinone 2.37 
 
 C-H Borylation is an attractive method for the efficient synthesis of valuable 
compounds. The ability for subsequent transformations allows for a feasible alternative to 
complex multi-step syntheses. Herein, the quest for an efficient synthesis of 3,3’-bisarylated 
BINOL derivatives will be outlined. C-H Borylation was investigated and proved vital to the 
success of our study. 
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2.2 NEW METHOD TO SYNTHESIZE 3,3’-BIS-ARYLATED BINOL DERIVATIVES 
We initially considered installing the aryl groups at the 3 and 3’ positions of 
commercially available (R)-BINOL through a direct C-H arylation. Historically, C-H arylation 
ortho to a phenol was first achieved intramolecularly by Rawal and co-workers (Scheme 38).
65
 
Arguably, the free hydroxyl group undergoes a deprotonation and the enolate anion served to 
promote the coupling. 
Scheme 38: Intramolecular ortho-arylation of phenol 2.38 
 
Several years later, the intermolecular C-H arylation of phenol was achieved by Bedford 
et al. in 2003 using Wilkinson’s catalyst and a phosphinite additive (Scheme 39).
66
 This protocol 
was limited to ortho substituted phenol derivatives and advancements with this protocol were 
eventually developed.
67,68
 In 2008, Bedford et al. published an improved rhodium-catalyzed 
ortho-arylation of unsubstituted and substituted phenols using chlorodiisopropylphosphine as an 
additive with good to high yields.
69
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Scheme 39: Intramolecular ortho-arylation of phenols 2.40 and 2.43 
 
We decided to examine the rhodium-catalyzed C-H arylation
70-76
 of commercially 
available (R)-BINOL as reported by Bedford et al.
69
 Under the conditions reported by Bedford 
(Scheme 39), no reaction occurred. Increasing the amount of chlorodiisopropylphosphine 
provided an encouraging yield of 8.4% (Table 7, entry 2). Increasing the temperature of the 
reaction by refluxing in mesitylene provided a slight improvement in yield (entry 3). Increasing 
the concentration of the reaction nearly doubled the yield (entry 4). After a brief solvent screen, 
C-H bis-arylation product 2.9c was obtained in moderate yield after refluxing in mesitylene for 
48 hours (Table 7, entries 10 and 11). The higher temperature and increased concentration 
improved the yield of the desired product.  
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Table 7: Solvent Screen for C-H Arylation of (R)-BINOL 2.6 
 
Entry Base (equiv.) Solvent Temp (˚C) [M] Isolated Yield (%) 
1
a,b 
3.4 Tol 120 0.1 ND 
2
b 
3.4 Tol 120 0.1 8.4% 
3 5 Mes 170 0.1 18.3% 
4
c 
5 Mes 170 0.5 35.7% 
5
d 
5 NMP 205 0.5 ND
d 
6
c,d
 5 DMSO (wet) 170 0.5 ND
d 
7
d 
5 DMA 170 0.5 ND
d 
8 5 Tol 120 0.5 12% 
9 5 m-xyl 140 0.5 28% 
10
c 
5 Mes 170 1.0 56% 
11
c,e 
5 Mes 170 1.0 59% 
12
c 
5 Mes 170 2.0 34% 
a0.2 equiv of ClPiPr2 used. 
b3.4 equiv of base used. cFull consumption of SM based on TLC. 
dComplex mixture obtained. eRacemic BINOL used from Chisholm Laboratory. ND = Not 
Determined 
  
Unfortunately, these harsh conditions caused extensive racemization, a known occurrence 
with BINOL 2.6 at elevated temperatures.
77,78
 HPLC analysis confirmed racemization even at 
temperatures as low as 110˚C over 48h. The presence of base or acid is known to further promote 
racemization, which primarily occurs via rotation about the axial bond (Figure 6). Typically this 
rotation is restricted by the hydrogens at the 8 and 8’ positions. BINOL 2.6 preferentially exists 
in the cisoid conformation and racemization occurs through the transoid conformation, where 
there is significant interaction between the 2 and 8’ positions and between the 2’ and 8 
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positions.
79
 The increased thermal energy is enough to cross the barrier of rotation, resulting in 
racemization. 
Figure 6: Cisoid and transoid conformations of BINOL 
 
Although this was a significant limitation, enantiopurity could still be obtained by chiral 
resolution.
80-83
 We carried on to explore the scope of this protocol and found that BINOL 2.9b 
was obtained in a lower average yield of 32% over two runs (Figure 7). BINOL 2.9d was 
obtained in an even lower yield of 25%. It quickly became apparent that the conditions were less 
tolerant of other aryl bromides.  
Figure 7: Scope of rhodium-catalyzed C-H arylation of BINOL 
 
Thus, an alternative approach was sought which would grant access to 2.9 in good yields 
while preserving enantiopurity. C-H Borylation combined with a subsequent palladium coupling 
reaction
84-86
 was considered. After reviewing the literature, we were intrigued by Hartwig’s 
protocol for the ortho-borylation of phenols (Scheme 40).
87
 In his work, the phenol 2.46 was first 
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converted to silyl ether 2.48 under anhydrous conditions and then underwent an in situ C-H 
borylation. The borylated intermediate 2.49 was then quenched with aqueous KHF2 to provide 
the boronate salt 2.47. It is important to note that neither silyl ether 2.48 nor boronate 2.49 were 
isolated. The silyl ether is relatively unstable and the reactions were conducted in a strictly 
controlled anhydrous environment up until the aqueous quench. We envisioned that this 
chemistry could be extended to BINOL 2.6, and the resulting boronates could undergo further 
cross-coupling with an aryl halide.
88-91
  
Scheme 40: Hartwigs C-H borylation of phenol derivatives 2.46 
 
The synthesis of 3,3’-bis-borylated intermediate 2.51 commenced with the formation of 
diisopropylsilyl ether 2.50 (Scheme 41).
92
 Silyl ether 2.50 proved to be more stable than the 
diethyl silyl ethers employed by Hartwig.
87,93
 Diisopropylsilyl ether 2.50 was isolated as a white 
crystalline solid in multigram quantities in 79% yield with high enantiopurity. Notably, this 
material was found to be stable under ambient conditions for several months. C-H Borylation of 
2.50 afforded 3,3’-bis-borylated intermediate 2.51 in 72% yield as a white crystalline solid. 4,4’-
Di-tert-butyl-2,2’-bipyridyl (dtbpy) is the most common ligand employed in C-H borylations. 
We investigated the related ligand 4,4’-dinonyl-2,2’-bipyridyl (dnbpy), due to its 
availability.
87,94,95
 However, dtbpy was later discovered to provide comparable results.  
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Scheme 41: Synthesis of 3,3’-bis-borylated intermediate 2.51 
 
The proposed mechanism for the ortho borylation of bis-silylether 2.50 is shown in 
Scheme 42.
87
 The loss of the COD ligand provides a 16 electron iridium complex B with a 
vacant site for interaction. This complex then binds to the silylether 2.50 to form bis-boryl 
monosilyl complex C. C-H Bond activation followed by functionalization attaches the 
pinacolborane to the naphthyl ring. Reaction of the resulting hydride complex E with B2pin2 
gives the borylated product 2.51 and regenerates the 16 electron iridium complex B. This process 
is completed twice on the molecule and therefore produces two equivalents of pinacolborane. 
The exact nature of the borylation step in the mechanism is still under debate. It is possible that 
the reaction could be going through an outer-sphere mechanism, meaning that the ligand (Bpin) 
is interacting with the site of activation prior to functionalization.
96
 Alternatively, an inner-sphere 
mechanism where the Ir metal is binding to the silicon and interacts with the ortho C-H bond for 
activation has also been proposed.
87
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Scheme 42: Proposed mechanism for C-H borylation of BINOL 
 
Although we could isolate the bis-borylated intermediate 2.51 in acceptable yields, it was 
found to be rather unstable and decomposed over a few days at room temperature. Therefore we 
desired to conduct the Suzuki coupling reaction in situ to create a more practical method and 
avoid handling such a sensitive intermediate. It has previously been reported that crude C-H 
borylation products could be used in Suzuki coupling reactions after removal of all volatile 
components in vacuo, or by filtering the crude reaction mixture through Florisil® prior to 
coupling.
89,91,97,98
 Most of these reactions were typically done on small scale and the small 
amount of volatile components could easily be removed under vacuum. These precautions were 
likely implemented to remove the pinacolborane and/or other by-products from the reaction.  
Despite these measures, we subjected the boronate intermediate directly to Suzuki 
coupling conditions reported by Fu et al.
99
 and trace amounts of 2.9b (8-10%) were isolated. 
Although a detestably low yield was obtained, a 96% ee was observed by HPLC analysis 
(Scheme 43). It was encouraging that minimal chiral degradation was observed. The likely 
presence of reducing agents derived from pinacolborane and the silyl groups may be hindering 
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the Suzuki coupling by reducing or coupling with the aryl halide. Based on the mechanism 
proposed,
87
 two equivalents of pinacolborane were created from the borylation. It is likley that 
the filtration and removal of all volatile components mentioned above eradicated some of these 
by-products.  
Scheme 43: C-H Borylation followed by tandem Suzuki coupling 
 
In order to maintain practicality, we wondered if there was some way we could remove or 
quench these by-products without isolating the intermediate. Both borohydrides and silyl 
hydrides have been reported to undergo reductive coupling reactions with aryl halides in the 
presence of a palladium catalyst (Scheme 44).
100-102
 Triethylsilane has been shown to couple with 
aryl halides while also producing a small amount of reduced product. Also, pinacolborane reacts 
with aryl halides in a similar manner producing a small amount of reduced product while also 
coupling readily with the aryl halide.  
Scheme 44: Arylbromides reacting with hydrosilanes and pinacolborane 
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We felt that we could use an additive that would react readily with the pinacolborane and 
the hydrosilane without hindering the Suzuki coupling. To this end, we predicted that the 
addition of an aldehyde to the reaction vessel might eradicate these unwanted by-products. We 
anticipated the aldehyde would undergo a hydrosilylation and/or hydroboration event with the 
corresponding hydrides.
103-106
 The addition of 2 equivalents of readily available n-hexanal prior 
to the in situ Suzuki coupling gave 12% of 1b, while addition of 4 equivalents of n-hexanal prior 
to coupling provided 33% of 1b (Table 8, entries 2 and 3). When 8 equivalents of n-hexanal 
were used, a complex mixture was obtained (entry 4). The excess n-hexanal made isolation of 
the product difficult. We posited that four equivalents of additive would theoretically be enough 
to react with 4 equivalents of hydride moieties that would be present in the reaction mixture. Of 
note, upon addition of the aldehyde to the reaction mixture an immediate and vigorous gas 
evolution was observed. This observation seems to be in contrast to our hypothesis and currently, 
the mechanistic nature of the additive is unknown. Hartwig et al. observed a similar phenomenon 
when KHF2(aq) was added to C-H borylation intermediate. Although they do not know the exact 
cause, they presumed that the rapid decomposition of the hydrosilane and/or pinacolborane 
contributed to the evolution of hydrogen gas.
87
 Nevertheless, the addition of the additive resulted 
in an improved yield. Further studies into the mechanistic nature of the additive will need to be 
undertaken. 
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Table 8: Addition of Additive Effect on Suzuki Coupling 
 
Entry n-Hexanal (equiv) Yield (%)
a
 
1
 0 8 
2
 2 12 
3
 4 33 
4
 8 ND
b 
a Isolated yield bYield not determined 
 
To optimize the reaction further, Suzuki coupling conditions were explored. Employing a 
catalyst generated from 2 mol % Pd2dba3∙CHCl3 and 4 mol % P(o-tolyl)3 with Na2CO3 as a base 
provided 2.9b in 54% yield (Table 9, entry 1).
87
 Changing the base to Cs2CO3 gave a yield of 
56% (entry 2). Since K2CO3 provided 1b in an improved yield of 78% (entry 3), we explored 
other potassium bases. Use of K3PO4 was comparable to K2CO3, providing 1b in 76% yield 
(entry 4); however, weaker bases such as KOAc gave only trace amounts of 1b (entry 5). 
Hydroxide bases, specifically KOH and Ba(OH)2, provided 46% and 44% of 1b, respectively 
(entries 6 and 7). Using K2CO3 as the base, we examined additional phosphine ligands and 
observed no improvement in yield (entries 8-12). Interestingly the electron-rich methoxyphenyl 
phosphine ligands provided modest yields. The air stable HBF4 phosphine salts, on the other 
hand, worked better.
107,108
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Table 9: Optimization of Suzuki Condition 
 
Entry Ligand Base Yield(%)
a
 
1
 P(o-tolyl)3 Na2CO3 54 
2
 P(o-tolyl)3 Cs2CO3 56 
3
 P(o-tolyl)3 K2CO3 78 
4
 P(o-tolyl)3 K3PO4 76 
5 P(o-tolyl)3 KOAc trace 
6 P(o-tolyl)3 KOH 46 
7 P(o-tolyl)3 Ba(OH)2 44 
8 PPh3 K2CO3 53 
9 P(o-MeOC6H4) K2CO3 34 
10 P(p-MeOC6H4) K2CO3 39 
11 HBF4P(t-Bu)3 K2CO3 48 
12 HBF4P(cyclohexyl)3 K2CO3 64 
a  Isolated yield 
 
With acceptable Suzuki conditions we were interested in examining alternative aldehydes 
as additives (Table 10). Isobutyraldehyde, n-pentanal, and cyclohexyl carboxaldehyde gave 
comparable results to n-hexanal (Table 9, entries 2-4). The bulkier pivaldehyde provided a 
modest 35% yield of 1b (entry 5). This low yield could be attributed to slower reactivity with the 
hydrosilane and/or pinacolborane. Interestingly, water could also be used as an additive prior to 
coupling but provided a lower yield of 28% (entry 6). n-Hexanal was chosen for our protocol due 
to cost, availability and best overall performance. 
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Table 10: Screen of Additives 
 
Entry Additive Isolated yield (%) 
1 n-hexanal 78 
2 isobutyraldehyde 73 
3 n-pentanal 70 
4 cyclohexyl carboxyaldehyde 73 
5 pivaldehyde 35 
6 water 28 
Suzuki Conditions: Pd2dba3∙CHCl3 (2 mol %), P(o-tolyl)3 (4 mol %), K2CO3 (8 
equiv), 3,5-(CH3)2C6H3Br  (3 equiv), THF:H2O (10:1), 60°C, 15h 
 
With optimized conditions in hand, we explored the scope of this reaction with regard to 
the aryl halide coupling partner. The Suzuki coupling reaction worked best with bromobenzene 
(Table 10, entry 2). Chlorobenzene, iodobenzene, and phenyltriflate provided did not perform as 
well (Table 10, entries 1-3). Despite variation in yield, all four reactions provided optically pure 
2.9a. Based on these results and due to accesibility, the rest of the aryl halides tested were aryl 
bromides. Utilization of 3,5-dimethyl-bromobenzene and 3,5-bis trifluoromethylbromobenzene 
afforded 2.9b in 78% yield and 2.9c in 77% yield, respectively (entries 5 and 6).
109
 We were 
pleased that HPLC analysis of 2.9b and 2.9c revealed an enantiomeric excess of 96% and 97%, 
respectively.
110
 Electron-poor aryl bromides worked well and retained their enantiopurity (entries 
7-8). Electron-rich 4-bromoanisole afforded 2.9f  in 63% yield and 87% enantiomeric excess. 
Coupling bulkier aryl bromides proved more challenging and required the use of SPhos as a 
ligand.
111,112
 SPhos has been shown to perform well with Suzuki reactions between hindered 
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substrates. 2-Bromonaphthalene and 1-bromonaphthalene afforded 2.9g  in 41% and 43% yield, 
respectively (entries 10-11). The even bulkier 9-bromoanthracene coupled to provide a 53% 
yield (entry 12). Bromomesitylene provided a modest 32% yield (entry 13); however, we were 
unable to determine the enantiopurity due to difficulty in separating the isomers on HPLC. The 
optical rotation value matched that reported in the literature in both sign and rotation.
113
  
Table 11: Synthesis of BINOL Dervatives 
 
Entry ArX Yield (%) [α]D
23
 % ee 
b 
1 PhCl 2.9a:  34 +119.6 >99 
2 PhBr 2.9a:  78
a
 +119.6 >99 
3 PhI 2.9a:  63 +119.6 >99 
4 PhOTf 2.9a:  56 +119.6 >99 
5 3,5-(CH3)2C6H3Br 2.9b:  78
a
 +57.2 96
 
6 3,5-(CF3)2C6H3Br 2.9c:  77
a
 +47.1 97
 
7 p-CF3C6H4Br 2.9d:  67 +48.1 93
 
8 p-NO2C6H4Br 2.9e:  70 -9.3 94 
9 p-MeOC6H4Br 2.9f:   63 +50.1 87 
10
c 2-Br Naphthalene 2.9g:  41 -28.6 91 
11
c 1-Br Naphthalene 2.9h:  43 -12.2 92
 
12
c,d 9-Br Anthracene 2.9i:   11 +191.4 93 
13
c,d Br-Mesitylene 2.9j:   6 +62.1 --
f 
14
e PhBr 2.9a:  56
 
+119.6 >99 
aAverage yield from two runs. bDetermined by chiral HPLC analysis. cS-Phos was 
used as the ligand in place of P-(o-tolyl)3. 
d1,4-dioxane was used as solvent in place of 
THF. eReaction performed on 15 mmol scale to yield 3.75 grams of 2.9a. f%ee could 
not be obtained by chiral HPLC 
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We also tested the scalability of this reaction sequence. When this reaction was carried 
out on a 15 mmol scale, BINOL 2.9a was obtained in 56% yield (entry 14). As such, we were 
able to obtain 3.75 g of BINOL 2.9a in a single run while retaining enantiopurity. The lower 
yield was attributed to difficulty in isolation and running of the reaction. 
2.3 CONCLUSION 
In summary, we have developed a rapid and scalable process for the preparation of 
valuable and highly versatile 3,3’-bis-arylated BINOL derivatives 2.9. This was accomplished 
through a three-step protocol consisting of: 1) silyl ether formation; 2) CH-borylation; 3) Suzuki-
Miyaura coupling. This process requires only a single chromatography step, and the entire 
sequence can be completed within 24 hours. The utilization of n-hexanal as an additive 
facilitated a successful one-pot C-H-borylation/Suzuki coupling. This method was particularly 
well suited for substituted aryl bromides and furnishes the desired BINOL derivatives in 
excellent yield and high enantiopurity. With the ability to synthesize larger quantities of the 3,3’ 
bisarylated BINOL, we will make further attempts to convert the BINOL derivatives to BINAP 
to see if the enantioselectivity of the allylation can be improved. 
C-H Activation is a pioneering area of study that can aid chemists toward the synthesis of 
valuable intermediates. Although the process described here saves time and money, the need to 
pre-activate the BINOL prior to coupling, the high cost of the iridium complex, and intolerance 
of bulky aryl bromides are recognizable limitations. Furthermore, the commercially available 
aryl halides produce potentially harmful halogenated by-products. Forming bonds of 
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heterocycles without the need for pre-activation is still an ongoing endeavor, yet further study in 
the use of C-H activation can potentially provide a solution. 
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2.4 EXPERIMENTAL PROCEDURES 
General Experimentals 
Unless otherwise indicated, all reactions were conducted in oven (140˚C) or flame-dried 
glassware using distilled and degassed solvents under positive pressure of dry argon with 
standard Schlenk techniques. All air-sensitive reagents were stored in an MBraun labmaster 
glovebox containing dry argon gas. Dry THF, toluene, MeCN, Et2O, and DCM were obtained by 
passing commercially available pre-dried, oxygen-free formulations through two activated 
alumina columns using an MBraun MB-SPS solvent purification system. Stainless steel syringes 
that had been oven-dried (140˚C) and cooled under argon atmosphere or in a desiccator were 
used to transfer air- and moisture-sensitive liquids. Yields refer to chromatographically and 
spectroscopically (
1
H NMR) homogeneous materials, unless otherwise stated. Reactions were 
monitored by thin-layer chromatography (TLC) carried out on pre-coated glass plates of silica 
gel (0.25 mm) 60 F254 from EMD Chemicals Inc. using the indicated solvent system. 
Visualization was accomplished with ultraviolet light (UV 254 nm). Alternatively, plates were 
treated with one of the following solutions (this was accomplished by holding the edge of the 
TLC plate with forceps or tweezers and immersing the plate into a wide-mouth jar containing the 
desired staining solution) and carefully heating with a hot-air gun (450˚C) for approximately 1-2 
min (NOTE: excess stain was removed by resting the TLC on a paper towel prior to heating): 
10% phosphomolybdic acid in ethanol, 1% potassium permanganate/7%potassium 
carbonate/0.5% sodium hydroxide aqueous solution, and/or anisaldehyde in ethanol with 10% 
sulfuric acid. Flash column chromatography was performed using Silia Flash® P60 silica gel 
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(40-63 μm) from Silicycle. All work-up and purification procedures were carried out with 
reagent grade solvents (purchased from VWR) in air. 
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Instrumentation 
Infrared (IR) spectra were recorded on a Thermo Nicolet IR-100 spectrometer, νmax in cm
-1
, and 
were obtained from samples prepared as thin films between NaCl plates. 
1
H NMR spectra were 
recorded on a Bruker Avance DPX-300 (300 MHz) spectrometer and a Bruker Avance III HD 
(400 MHz) spectrometer with CryoProbe Prodigy. Chemical shifts are reported in parts per 
million (ppm) and are calibrated using residual undeuterated solvent as an internal reference 
(CDCl3: δ 7.26 ppm; D2O: 4.79 ppm; CD3OD: 3.31 ppm; DMSO-d6: 2.50 ppm; C6D6: 7.16 ppm; 
CD3CN: 1.94 ppm). Data are reported as follows: chemical shift, multiplicity, coupling constants 
(Hz), and integration. The following abbreviations or combinations thereof were used to explain 
the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, pent = pentet, sex = sextet, sept 
= septet, m = multiplet, at = apparent triplet, aq = apparent quartet, b = broad. 
13
C NMR spectra 
were recorded with complete proton decoupling on a Bruker Avance DPX-300 (75 MHz) 
spectrometer and a Bruker Avance III HD (100 MHz) spectrometer with CryoProbe Prodigy. 
Chemical shifts are reported in ppm and are calibrated using residual undeuterated solvent as an 
internal reference (CDCl3: δ 77.16 ppm; DMSO-d6: 39.52 ppm; C6D6: 128.06 ppm; CD3OD: 
49.00 ppm). 
19
F NMR spectra were recorded on a Bruker Avance DPX-300 (282.4 MHz) 
spectrometer. Chemical shifts are reported in ppm and are calibrated using an external reference 
(CFCl3: δ 0.00 ppm). 
11
B NMR spectra were recorded on a Bruker Avance III HD (128 MHz) 
spectrometer with CryoProbe Prodigy. Chemical shifts are reported in ppm and are calibrated 
using an external reference (BF3OEt: δ 0.00 ppm). In the 
13
C NMR spectra of boron containing 
compounds, the resonance corresponding to the carbon ipso to the boron was not observed. 
31
P 
NMR spectra were recorded on a Bruker Avance DPX-500 (202.5 MHz) spectrometer. Chemical 
shifts are recorded in ppm and are calibrated as an external reference (85% H3PO4 in water: δ 
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0.00 ppm). 2D NMR spectra were recorded on a Bruker Avance DPX-500 or DPX-600 
spectrometer. High resolution mass spectra (HRMS) were performed at the mass spectrometry 
facility of CUNY Hunter College (New York, New York), SUNY Buffalo (Buffalo, New York), 
or Old Dominion University (Norfolk, Virginia).  Enantiomeric ratios were determined by chiral 
high performance liquid chromatography (HPLC) analysis on a Varian Prostar instrument using 
chiral analytical columns as stated, in comparison with racemic samples obtained using (+/-)-
BINOL. Optical rotations were measured at a sodium D line (589 nm) on a Rudolph Research 
Analytical Autopol III polarimeter and reported as follows: [α]D
T
 λ (c in 10 g/mL), in reagent 
grade chloroform (CHCl3) or tetrahydrofuran (THF). Melting points (m.p.) are uncorrected and 
were recorded using an Electrothermal Mel-Temp® melting point apparatus. 
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(R)-2,2'-dimethoxy-1,1'-binaphthalene (2.7)
7
: A flame dried 1 L round bottom flask equipped 
with a magnetic stir bar and a reflux condenser was charged with (R)-BINOL 2.6 (10.0 g, 34.9 
mmol, 1.0 equiv.) and acetone (200 mL). Once a homogenous solution had formed, K2CO3 (16.4 
g, 118.7 mmol, 3.4 equiv.) and iodomethane (8.5 mL, 136.1 mmol, 3.9 equiv.) were added. The 
reaction was heated to reflux for 19h. The reaction was still not complete so more iodomethane 
(6.0 mL, 96.4 mmol) was added and continued to reflux. After another 30h, the reaction was 
judged complete by TLC. The reaction mixture was concentrated down to about 60 mL and 
charged with H2O (300 mL). After stirring overnight, the reaction was filtered through a coarse 
fritted funnel to provide 10.6g (97%) of a white powder. 
Rf = 0.29 (10% EtOAc/Hexanes) 
1
H NMR: (300MHz, CDCl3) δ= 7.98 (d, J = 9.0 Hz, 2H), 7.86 (d, J = 8.1 Hz, 2H), 7.46 (d, J = 
9.0 Hz, 2H), 7.34-7.28 (m, 2H), 7.23-7.18 (m, 2H), 7.10 (d, J = 8.5 Hz, 2H), 3.77 (s, 6H) 
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(R)-(2,2'-dimethoxy-[1,1'-binaphthalene]-3,3'-diyl)diboronic acid (2.8)
7
: A flame-dried 500 
mL 3-neck round bottom flask equipped with a mechanical stirrer was charged with Et2O (200 
mL) and TMEDA (5.89 mL, 39.0 mmol, 3.0 equiv.). Added n-BuLi (1.88M in hexanes, 20.7 mL, 
39.0 mmol, 3.0 equiv.) at room temperature and stirred for 30 min. Added (R)-2,2'-dimethoxy-
1,1'-binaphthalene 2.7 (4.07 g, 13.0 mmol, 1.0 equiv.) and the resulting reaction was stirred at 
room temperature for 6.5h before cooling down to -78˚C by placing the flask in a dry-ice/acetone 
bath. Added B(OMe)3 (10.2 mL, 91.0 mmol, 7.0 equiv.) slowly via syringe at -78˚C. After one 
hour the flask was removed from the bath and the reaction was allowed to stir at ambient 
temperature overnight. The reaction flask was then placed in an ice-H2O bath and quenched with 
1M HCl. To allow a thorough quench, the reaction mixture was stirred at room temperature for 2 
hours. The layers were separated. Combined organics washed with 1M HCl (50 mL), brine (50 
mL), and dried over sodium sulfate, filtered and concentrated in vacuo to yield 5.4 g of a light 
orange solid. The solid was recrystallized from toluene (50 mL) to provide 2.35 g (45%) of a 
light peach powder. 
Rf = 0.44 (50% EtOAc/Hexanes) 
1
H NMR: (300MHz, CDCl3) δ= 8.62 (s, 2H), 7.99 (d, J = 8.1 Hz, 2H), 7.47-7.42 (m, 2H), 7.35-
7.28 (m, 4H), 5.96 (s, 4H), 3.31 (s, 6H) 
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(R)-3,3'-diphenyl-[1,1'-binaphthalene]-2,2'-diol (2.9a): A flame dried 100 mL round bottom 
flask equipped with a magnetic stir bar was charged with Pd(PPh3)4 (172 mg, 0.15 mmol, 0.06 
equiv.) and DME (15 mL). Added bromobenzene (0.78 mL, 7.46 mmol, 3.0 equiv.), followed by 
a solution of (R)-(2,2'-dimethoxy-[1,1'-binaphthalene]-3,3'-diyl)diboronic acid 2.8 (1.0 g, 2.48 
mmol, 1.0 equiv.) in EtOH (10 mL). Added aqueous 2M NaOH (3.8 mL) and heated the reaction 
to reflux for 5h. Concentrated down to yield dark residue. Extracted from residue with DCM (3 x 
100 mL), washed with 10% HCl, then brine. Dried organics over sodium sulfate, filtered and 
concentrated in vacuo to yield 925 mg of a light brown puff. The crude compound was dissolved 
in DCM (50 mL) and placed in an ice-H2O bath. A 1.0 M solution of BBr3 in DCM (14.9 mL, 
14.88 mmol, 6.0 equiv.) was added. The reaction was stirred at room temperature for 24h before 
quenching with H2O (3 mL). The mixture was poured into a stirring mixture of DCM and water. 
The organic layer was washed with brine, dried over sodium carbonate, filtered and concentrated 
in vacuo to provide crude material, which was purified by silica gel chromatography eluting with 
20 % EtOAc in Hexanes to provide 392 mg (36%) as a white-grey solid.  
Data for compound is presented later. 
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(R)-(+)-2, 2'-bis((diisopropylsilyl)oxy)-1, 1'-binaphthalene (2.50): To a flame dried 250 mL 
round bottom flask charged with (R)-BINOL 2.6 (5.0 g, 17.5 mmol, 1.0 equiv.), DMAP (223 mg, 
1.75 mmol, 0.1 equiv.) and DCM (70 mL) was added triethylamine (5.4 mL, 38.5 mmol, 2.2 
equiv.) and HClSi(iPr)2 (6.0 mL, 35 mmol, 2.0 equiv.). The reaction mixture was stirred at room 
temperature for 4h. The solvent was removed in vacuo and the residue was taken up in pentane 
and filtered through a medium porosity fritted funnel. The resulting filtrate was concentrated in 
vacuo to yield a white solid. The solid was purified by silica gel column chromatography (5.0 x 
6.0 cm) eluting with 1% ethyl acetate in hexanes to yield 7.15 g (79%) as a white solid. 
Rf: 0.89 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 7.93-7.88 (m, 4H), 7.40-7.26 (m, 8H), 4.42 (s, 2H), 0.86-0.75 
(m, 28H) 
13
C NMR (75 MHz, CDCl3): δ = 151.7, 134.6, 129.5, 129.0, 127.8, 126.1, 126.0, 123.5, 121.5, 
120.0, 17.2, 17.0, 16.9, 16.8, 12.5, 12.4 
HPLC Conditions: Chiralcel® OD-H Column, 5% iPrOH/hexanes, 1.0 mL/min: tR (major) = 
3.26 min., tR (minor) = 5.97 min. % ee = 99% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.0, CHCl3): +66.2 
Elemental Combustion: Anal. Calcd. for C32H42O2Si2: C, 74.65; H, 8.22; found: C, 74.74; H, 
8.26 
Melting Point:  54.5-56˚C 
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(R)-(-)-((3,3'-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-[1,1'-binaphthalene]-2,2'-
diyl)bis(oxy))bis(diisopropylsilane) (2.51): To an oven dried 50 mL Schlenk tube was added 
bis-silyl ether 2.50 (100 mg, 0.2 mmol, 1.0 equiv.), [Ir(cod)Cl]2 (1.3 mg, 0.002 mmol, 0.01 
equiv.), B2(pin)2 (102 mg, 0.4 mmol, 2.0 equiv.), and dnbpy (3.3 mg, 0.08 mmol, 0.04 equiv.) 
and THF (1 mL). The Schlenk tube was equipped with a cold-finger condenser and placed in an 
oil bath preheated at 80˚C. The reaction was allowed to reflux until determined complete (2.5h) 
by TLC analysis using 20% EtOAc/Hexanes as eluent. The reaction mixture was removed from 
the bath and allowed to cool to room temperature before filtering through a plug of silica gel. 
The filtrate was concentrated down to yield a dark brown oil which was purified by silica gel 
chromatography (1.5 cm x 10 cm) eluting with 2% ethyl acetate in hexanes to yield 110 mg 
(72%) of a white crystalline solid. 
Rf: 0.88 (20% EtOAc/Hex) 
1
H NMR (300 MHz, C6D6): δ = 8.86 (s, 2H), 7.75 (d, J = 7.90 Hz, 2H), 7.40 (d, J = 8.32 Hz, 
2H), 7.05 (ddd, J = 6.96, 8.00, 26.04 Hz, 4H), 3.26 (s, 2H), 1.24 (d, J = 2.03 Hz, 24 H) 1.23 (s, 
6H), 0.98 (d, J = 7.04 Hz, 6H), 0.79 (dd, J = 6.22, 7.04 Hz, 12H)   
13
C NMR (75 MHz, C6D6): δ = 156.6, 140.1, 137.6, 129.8, 129.1, 127.5, 126.8, 123.8, 121.3, 
83.4, 25.3, 24.8, 18.3, 17.9, 17.7, 16.9, 13.1, 12.5 
11
B NMR (128 MHz, CDCl3): δ = 30.5 
Optical Rotation: [α]D
23
 λ 589 nm (c 0.34, CHCl3): -258.0 
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Elemental Combustion: Anal. Calcd. for C44H64B2O6Si2: C, 68.92; H, 8.41; found: C,68.86; H, 
8.65  
Melting Point:  89-91˚C (dec.) 
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General procedure A for synthesis of 3, 3’ bis arylated BINOLS 2.9a-2.9h  
To a flame dried 25 mL round bottom flask charged with (R)-BINOL 2.6 (286 mg, 1 mmol, 1.0 
equiv.), DMAP (13 mg, 0.1 mmol. 0.1 equiv.) and DCM (4 mL) was added triethylamine (0.32 
mL, 2.2 mmol, 2.2 equiv.) and HClSi(iPr)2 (0.34 mL, 2.0 mmol, 2.0 equiv.). The resulting 
reaction was stirred at room temperature for 2h. The solvent was removed in vacuo to yield a 
white residue, which was suspended in pentane and filtered through a medium porosity fritted 
funnel to provide a clear colorless filtrate. The filtrate was concentrated in vacuo to afford crude 
bis-isopropylsilyl ether BINOL 2.41 as a clear colorless oil. This compound was dissolved in 1.5 
mL of THF and added via syringe to an oven dried 50 mL Schlenk tube charged with 
[Ir(cod)Cl]2 (6.71 mg, 0.01 mmol, 0.01 equiv.), B2(pin)2 (508 mg, 2.0 mmol, 2.0 equiv.), HBpin 
(29 µL, 0.2 mmol, 0.2 equiv.), and dnbpy (16.3 mg, 0.04 mmol, 0.04 equiv.). The Schlenk tube 
was equipped with a cold-finger condenser and placed in an oil bath preheated at 80˚C. The 
reaction was allowed to reflux until determined complete (4-5h) by TLC analysis using 20% 
EtOAc/Hexanes as eluent.  The reaction mixture was removed from the bath and allowed to cool 
to room temperature before n-hexanal (0.45 mL, 4.0 mmol, 4.0 equiv.) was added in one portion 
[CAUTION: vigorous gas evolution was observed]. The reaction mixture was stirred in a 60-75 
˚C oil bath for 1 hour, then cooled to room temperature.  Next, the reaction mixture was diluted 
with 2.5 mL THF, and 0.6 mL of degassed H2O, Pd2dba3•CHCl3 (20.7 mg, 0.02 mmol, 0.02 
equiv.), ligand [P-(o-tolyl)3 (12.2 mg, 0.04 mmol, 0.04 equiv.) or S-Phos (16 mg, 0.04 mmol, 
0.04 equiv.)], K2CO3 (1.1 g, 8.0 mmol, 8.0 equiv.), the appropriate aryl halide (3.0 mmol, 3.0 
equiv.) were added.  The sides of the reaction vessel were rinsed with an additional 2.0 mL THF, 
and the reaction was immersed in a 70-75˚C oil bath overnight. The reaction was diluted with 
Et2O, filtered through a plug of silica gel (4.3 cm x 2 cm), and concentrated in vacuo to provide a 
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crude oil. Purification of the product was obtained through silica gel column chromatography 
(2.5 x 10 cm) eluting with hexanes and ethyl acetate. 
 
(R)-(+)-3, 3'-diphenyl-[1,1'-binaphthalene]-2, 2'-diol (2.9a)
110
 was synthesized from (R)-
BINOL 2.6 according to general procedure A using P-(o-tolyl)3 as ligand and bromobenzene 
(471 mg, 0.32 mL, 3.0 mmol, 3.0 equiv.). The crude product was purified by silica gel column 
chromatography eluting with 5% ethyl acetate/hexanes to yield 342 mg (78%) as a white solid.  
Rf: 0.33 (10% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 8.03 (s, 2H), 7.93 (d, J = 7.8 Hz, 2H), 7.75-7.73 (m, 4H), 7.52-
7.47 (m, 4H), 7.44-7.30 (m, 4H), 7.25-7.22 (m, 4H), 5.35 (s, 2H) 
13
C NMR (100 MHz, CDCl3): δ = 150.3, 137.6, 133.1, 130.8, 129.7, 129.6, 128.6, 128.6, 127.9, 
127.5, 124.5, 124.4, 112.6  
HPLC Conditions: Chiralcel® OD-H Column, 10% iPrOH/hexanes, 1.0 mL/min: tR (major) = 
21.54 min., tR (minor) = 25.07 min. %ee = >99% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.0, THF): +119.6; lit.
114
: [α]D
25
 589 nm (c 1.0, THF): 
+112 
Elemental Combustion: Anal. Calcd. for C32H22O2: C, 87.65; H, 5.06; found: C, 87.88; H, 5.39 
Melting Point:  189-191˚C; lit.
8
: 197-198˚C 
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(R)-(+)-3,3'-bis(3,5-dimethylphenyl)-[1,1'-binaphthalene]-2,2'-diol (2.9b)
8
 was synthesized 
from (R)-BINOL 2.6 according to general procedure A using P-(o-tolyl)3 as ligand and 1-bromo-
3,5-dimethlybenzene (555 mg, 0.41 mL, 3.0 mmol, 3.0 equiv.). The crude product was purified 
by silica gel column chromatography eluting with 5% ethyl acetate/hexanes to yield 386 mg 
(78%) as a colorless solid.  
Rf: 0.84 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 7.98 (s, 2H), 7.90 (d, J = 7.8 Hz, 2H), 7.38-7.21 (m, 10H), 
7.06 (s, 2H), 5.39 (s, 2H), 2.40 (s, 12 H) 
13
C NMR (100 MHz, CDCl3): δ = 150.1, 138.3, 137.4, 133.2, 131.1, 131.0, 129.7, 129.5, 128.5, 
127.5, 127.2, 124.5, 124.3, 112.9, 21.5 
HPLC Conditions: Chiralcel® OD-H Column, 5% iPrOH/hexanes, 1.0 mL/min: tR (minor) = 
5.89 min., tR (major) = 12.56 min. %ee = 96% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.03, THF): +57.2; lit. 
8
: [α]D
25
 589 nm (c 1.1, THF): 
+53.2 
Elemental Combustion: Anal. Calcd. for C36H30O2: C, 87.42; H, 6.11; found: C, 87.27; H, 6.50 
Melting Point: 123.5-125˚C; lit.
8
: 124-125˚C 
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(R)-(+)-3,3'-bis(3,5-bis(trifluoromethyl)phenyl)-[1,1'-binaphthalene]-2,2'-diol (2.9c)
110
 was 
synthesized from (R)-BINOL 2.6 according to general procedure A using P-(o-tolyl)3 as ligand 
and 1-bromo-3,5-trifluoromethylbenzene (879 mg, 0.51 mL, 3.0 mmol, 3.0 equiv.). The crude 
product was purified by silica gel column chromatography eluting with 2.5% ethyl 
acetate/hexanes to yield 547 mg (77%) as a light yellow solid.  
Rf: 0.78 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 8.23 (s, 4H), 8.12 (s, 2H), 8.00 (d, J = 8.1 Hz, 2H), 7.91 (s, 
2H), 7.51-7.39 (m, 4H), 7.24-7.21 (m, 2H), 5.40 (s, 2H) 
13
C NMR (100 MHz, CDCl3): δ = 150.0, 139.6, 133.4, 132.5, 131.8 (q, JC-F = 33.2), 130.0, 
129.6, 129.0, 128.8, 127.9, 125.4, 124.1, 123.6 (q, JC-F = 271 Hz), 121.5, 111.9 
19
F NMR (282.4 MHz, CDCl3): δ = -63.2 
HPLC Conditions: Chiralcel® OJ-H Column, 5% iPrOH/hexanes, 0.5 mL/min: tR (minor) = 
9.36 min., tR (major) = 13.77 min. %ee = 97% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.1, CHCl3): +47.1; lit.
110
: [α]D
26
 589 nm (c 1.1, CHCl3): 
+45.3 
Elemental Combustion: Anal. Calcd. for C36H18F12O2: C, 60.86; H, 2.55; found: C, 60.99; H, 
2.72 
Melting Point: 114-114.5˚C; lit.
8
: 97-99˚C 
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(R)-(+)-[3,3'-bis(4-(trifluoromethyl)phenyl)-[1,1'-binaphthalene]-2,2'-diol (2.9d)
115
 was 
synthesized from (R)-BINOL 2.6 according to general procedure A using P-(o-tolyl)3 as ligand 
and 1-bromo-4-trifluoromethylbenzene (675 mg, 0.42 mL, 3.0 mmol, 3.0 equiv.). The crude 
product was purified by silica gel column chromatography eluting with 2.5% ethyl 
acetate/hexanes to yield 385 mg (67%) of BINOL 1d as a light yellow solid.  
Rf: 0.62 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 8.06 (s, 2H), 7.98-7.95 (m, 2H), 7.89-7.86 (m, 4H), 7.77-7.70 
(m, 4H), 7.47-7.34 (m, 2H), 7.24-7.21 (m, 2H), 4.98 (s, 2H) 
13
C NMR (100 MHz, CDCl3): δ 150.2, 141.3, 133.2, 132.2, 130.1, 129.9 (q, JC-F = 32.3 Hz), 
129.6, 129.5, 128.9, 128.2, 125.4 (q, JC-F = 3.7 Hz), 124.9, 124.4 (q, JC-F = 270 Hz), 124.2, 112.1 
19
F NMR (282.4 MHz, CDCl3): δ = -62.9 
HPLC Conditions: Chiralcel® OD-H Column, 5% iPrOH/hexanes, 1.0 mL/min: tR (minor) = 
12.58 min., tR (major) = 13.97 min. %ee = 90% 
Optical Rotation: [α]D
23
 λ 589 nm (c 0.21, CHCl3): +48.1; lit.
115
: [α]D
25
 589 nm (c 0.21, 
CHCl3): +50.2 
Elemental Combustion: Anal. Calcd. for C34H20F6O2: C, 71.08; H, 3.51; found: C, 71.09; H, 
3.57 
Melting Point: 112-115 ˚C; lit.
115
: 102-105 ˚C 
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(R)-(-)-3,3'-bis(4-nitrophenyl)-[1,1'-binaphthalene]-2,2'-diol
113
 (2.9e) was synthesized from 
(R)-BINOL 2.6 according to general procedure A using P-(o-tolyl)3 as ligand and 1-bromo-4-
nitrobenzene (606 mg, 3.0 mmol, 3.0 equiv.). The crude product was purified by silica gel 
column chromatography eluting with 5% ethyl acetate/hexanes to yield 370 mg (70%) as a 
colorless solid.  
Rf: 0.68 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 8.36-8.33 (m, 4H), 8.11 (s, 2H), 7.98 (d, J = 7.8 Hz, 2H), 7.96-
7.92 (m, 4H), 7.50-7.38 (m, 4H), 7.23 (d, J = 7.8 Hz, 2H), 5.34 (s, 2H) 
13
C NMR (100 MHz, CDCl3): δ 150.5, 135.2, 133.6, 133.2, 133.0, 131.9, 130.8, 129.7, 128.7, 
128.4, 128.1, 127.9, 127.6, 126.4, 126.4, 124.6, 124.5, 112.7 
HPLC Conditions: Chiralcel® AD-H Column, 30% iPrOH/hexanes, 1.0 mL/min: tR (major) = 
6.40 min., tR (minor) = 10.40 min. %ee = 92% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.0, CHCl3): -9.3; lit.
113
 [α]D
23
 λ 589 nm (c 1.0, CHCl3): -
10.6 
Elemental Combustion: Anal. Calcd. for C32H20N2O6: C, 72.72; H, 3.81; N, 5.30; found: C, 
73.04; H, 3.55; N, 5.29 
Melting Point: 213-214.5˚C (dec.); lit
113
: 215.5-233˚C (dec.) 
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(R)-(+)-3,3'-bis(4-methoxyphenyl)-[1,1'-binaphthalene]-2,2'-diol
8
 (2.9f) was synthesized from 
(R)-BINOL 2.6 according to general procedure A using P-(o-tolyl)3 as ligand and 4-
bromoanisole (561 mg, 0.38 mL, 3.0 mmol, 3.0 equiv.). The crude product was purified by silica 
gel column chromatography eluting with 5% ethyl acetate/hexanes to yield 314 mg (63%) as a 
light yellow solid.  
Rf: 0.36 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 7.99 (s, 2H), 7.91 (d, J = 7.8 Hz, 2H), 7.69-7.66 (m, 4H), 7.41-
7.20 (m, 6H), 7.04-7.01 (m, 4H), 5.35 (s, 2H), 3.87 (s, 6H)  
13
C NMR (100 MHz, CDCl3): δ 159.4, 150.4, 132.9, 131.1, 130.9, 130.4, 129.9, 129.6, 128.4, 
127.2, 124.4, 124.4, 114.1, 112.5, 55.5 
HPLC Conditions: Chiralcel® AD-H Column, 30% iPrOH/hexanes, 1.0 mL/min: tR (minor) = 
21.76 min., tR (major) = 24.35 min. %ee = 91% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.0, THF): +50.1; lit.
8
: [α]D
25
 589 nm (c 1.0, THF): +50.1 
Elemental Combustion: Anal. Calcd. for C34H26O4: C, 81.91; H, 5.26; found: C, 81.99; H, 5.63 
Melting Point: 107-109˚C; lit.
8
: 109-111˚C 
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(R)-(-)-[3,3'-bis(2-naphthyl)-[1,1'-binaphthalene]-2,2'-diol 
8
 (2.9g) was synthesized from (R)-
BINOL 2.6 according to general procedure A using S-Phos as ligand and 2-bromonaphthalene 
(621 mg, 3.0 mmol, 3.0 equiv.). The crude product was purified by silica gel column 
chromatography eluting with 5% ethyl acetate/hexanes to yield 215 mg (40%) as a light yellow 
solid.  
Rf: 0.56 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 8.22 (s, 2H), 8.15 (s, 2H), 7.98-7.86 (m, 12H), 7.54-7.28 (m, 
10H), 5.47 (s, 2H)  
13
C NMR (100 MHz, CDCl3): δ = 150.5, 135.2, 133.6, 133.2, 132.9, 131.8, 130.8, 129.7, 128.7, 
128.4, 128.1, 127.8, 127.8, 127.6, 126.4, 126.4, 124.6, 124.5, 112.7 
HPLC Conditions: Chiralcel® AD-H Column, 45% iPrOH/hexanes, 1.0 mL/min: tR (major) = 
21.97 min., tR (minor) = 38.71 min. %ee = 90% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.0, THF): -28.6; lit.
8
: [α]D
25
 λ 589 nm (c 1.0, THF): -32.9 
Elemental Combustion: Anal. Calcd. for C40H26O2: C,89.19; H, 4.87; found: C, 88.92; H, 4.99 
Melting Point: 223-225˚C (dec.); lit.
8
: 217-218˚C (dec.) 
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(R)-(-)-[3,3'-bis(1-naphthyl)-[1,1'-binaphthalene]-2,2'-diol (2.9h) was synthesized from (R)-
BINOL 2.6 according to general procedure A using S-Phos as ligand and 1-bromonaphthalene 
(621 mg, 0.42 mL, 3.0 mmol, 3.0 equiv.). The crude product was purified by silica gel column 
chromatography eluting with 5% ethyl acetate/hexanes to yield 232 mg (43%) of BINOL 1h as a 
light yellow solid.  
Rf: 0.52 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 8.22 (s, 2H), 8.15 (s, 2H), 7.98-7.87 (m, 10H), 7.54-7.49 (m, 
4H), 7.46-7.28 (m, 6H), 5.47 (s, 2H) 
13
C NMR (100 MHz, CDCl3): δ = 150.5, 135.2, 133.6, 133.2, 132.9, 131.9, 130.8, 129.7, 128.7, 
128.4, 128.1, 127.9, 127.6, 126.4, 126.4, 124.6, 124.5, 112.6 
HPLC Conditions: Chiralcel® AD-H Column, 35% iPrOH/hexanes, 1.0 mL/min: tR (major) = 
14.34 min., tR (minor) = 25.69 min. %ee = 92% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.0, CHCl3): -12.2 
Elemental Combustion: Anal. Calcd. for C40H26O2: C, 89.19; H, 4.87; found: C, 88.97; H, 5.27 
Melting Point: 210˚C (dec) 
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General Procedure B for synthesis of 3, 3’ bis arylated BINOLS 2.9g-2.9j 
To a flame dried 25 mL round bottom flask charged with (R)-BINOL 2.6 (286 mg, 1 mmol, 1.0 
equiv.), DMAP (13 mg, 0.1 mmol. 0.1 equiv.) and DCM (4 mL) was added triethylamine (0.32 
mL, 2.2 mmol, 2.2 equiv.) and HClSi(iPr)2 (0.34 mL, 2.0 mmol, 2.0 equiv.). The resulting 
reaction was stirred at room temperature for 2 h. The solvent was concentrated in vacuo to yield 
a white residue, which was suspended in pentane and filtered through a medium porosity fritted 
funnel to provide a clear colorless filtrate. The filtrate was concentrated in vacuo to afford crude 
bis-isopropylsilyl ether BINOL 2.41 as a clear colorless oil. This compound was then dissolved 
in 1.5 mL THF and added via syringe to an flame dried 50 mL round bottom flask charged with 
[Ir(cod)Cl]2 (6.71 mg, 0.01 mmol, 0.01 equiv.), B2(pin)2 (508 mg, 2.0 mmol, 2.0 equiv.), HBpin 
(29 µL, 0.2 mmol, 0.2 equiv.), and dnbpy (16.3 mg, 0.04 mmol, 0.04 equiv.). The flask was 
equipped with a reflux condenser and placed in an oil bath preheated at 80˚C. The reaction was 
judged complete (4-5h) by TLC analysis using 20% EtOAc/Hexanes as eluent.  The reaction 
mixture was removed from the bath and allowed to cool to room temperature before n-hexanal 
(0.45 mL, 4.0 mmol, 4.0 equiv.) was added in one portion [CAUTION: vigorous gas evolution]. 
The reaction mixture was stirred in a 60-75˚C oil bath for 1 hour, then cooled to room 
temperature and diluted with 4.5 mL dioxane.  Next, 1.0 mL of degassed H2O, Pd2dba3•CHCl3 
(20.7 mg, 0.02 mmol, 0.02 equiv.), S-Phos (16 mg, 0.04 mmol, 0.04 equiv.), K2CO3 (1.1 g, 8.0 
mmol, 8.0 equiv.), the appropriate aryl bromide (3.0 mmol, 3.0 equiv.) were added.  The sides of 
the reaction vessel were rinsed with an additional 4.0 mL dioxane and the reaction was placed in 
an 80˚C oil bath overnight. The reaction was diluted with Et2O, filtered through a plug of silica 
gel (4.3 cm x 2 cm), and concentrated in vacuo to provide a crude oil. The crude product was 
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purified by silica gel flash column chromatography (2.5 cm x 10 cm) eluting with ethyl acetate 
and hexanes. 
 
(R)-(+)-3,3'-di(anthracen-9-yl)-[1,1'-binaphthalene]-2,2'-diol
116
 (2.9i) was synthesized from 
(R)-BINOL 2.6 according to general procedure B using 2-bromonaphthalene (771 mg, 3.0 mmol, 
3.0 equiv.). The crude product was purified by silica gel column chromatography eluting with 
5% ethyl acetate/hexanes to yield 332 mg (52%) as light yellow solid. 
Rf: 0.45 (20% EtOAc/Hex) 
1
H NMR (300 MHz, CDCl3): δ = 8.58 (s, 2H), 8.07 (dd, J = 7.8, 4.8 Hz, 4H), 8.02 (s, 2H), 7.94-
7.85 (m, 4H), 7.66 (d, J = 9 Hz, 2H), 7.60-7.40 (m, 12H), 7.28-7.23 (m, 2H), 5.07 (s, 2H) 
13
C NMR (100 MHz, CDCl3): δ 151.2, 134.1, 133.2, 131.7, 131.6, 131.0, 130.9, 129.5, 128.9, 
128.7, 128.6, 127.9, 127.6, 127.3, 126.4, 126.3, 126.3, 125.5, 125.0, 124.4, 113.7 
HPLC Conditions: Chiralcel® AD-H Column, 45% iPrOH/hexanes, 1.0 mL/min: tR (major) = 
11.23 min., tR (minor) = 41.31 min. %ee = >99% 
Optical Rotation: [α]D
23
 λ 589 nm (c 1.0, THF): +191.4; lit.
116
 [α]D
17
 λ 589 nm (c 1.0, THF): 
+198.7 
Elemental Combustion: Anal. Calcd. for C48H30O2: C, 90.26; H, 4.73; found: C, 90.03; H, 5.05 
Melting Point: 250˚C (dec.); lit:
116
 300-302˚C (dec.) 
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(R)-(+)-3,3'-dimesityl-[1,1'-binaphthalene]-2,2'-diol (2.9j)
113
 was synthesized from (R)-
BINOL 2.6 according to general procedure B using 2-bromomesitylene (597 mg, 0.46 mL, 3.0 
mmol, 3.0 equiv.). The crude product was purified by silica gel column chromatography eluting 
with 2.5% ethyl acetate/hexanes to yield 167 mg (32%) as a colorless solid. 
Rf: 0.72 (20% EtOAc/Hex)  
1
H NMR (300 MHz, CDCl3): δ = 7.97 (d, J = 9 Hz, 2H), 7.90 (d, J = 8.1 Hz, 4H), 7.80 (s, 2H), 
7.44-7.21 (m, 6H), 7.04 (s, 4H), 5.07 (s, 2H), 2.37 (s, 6H), 2.16 (s, 12H) 
13
C NMR (100 MHz, CDCl3): δ 150.1, 137.9, 137.3, 133.6, 133.1, 130.8, 129.6, 128.7, 128.6, 
128.4, 126.9, 124.7, 124.0, 113.1, 21.3, 20.7, 20.6 
Optical Rotation: [α]D
23
 λ 589 nm (c 0.45, THF): +62.1; lit.
113
 : [α]D
25
 λ 589 nm (c 0.45, THF): 
+72.3; % ee: 86% 
Elemental Combustion: Anal. Calcd. for C38H34O2: C, 87.32; H, 6.56; found: C, 87.18; H, 6.42 
Melting Point: 101-103˚C 
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3.0  RUTHENIUM HYDRIDE-CATALYZED SILYLVINYLATION OF INTERNAL 
ALKYNES USING ETHYLENE AS AN ADDITIVE 
3.1 INTRODUCTION 
In the past few decades, ruthenium catalysis has demonstrated the effective ability to 
catalyze the formation of C-C bonds without the need for pre-activation. In 2005, the Nobel prize 
in chemistry was awarded to Robert H. Grubbs, Richard R. Schrock, and the late Yves Chauvin 
for their pioneering work with metathesis (Scheme 45).
1
 This method, utilizing ruthenium 
complexes, allowed the formation of C-C bonds without the need of halogens or pseudo 
halogens. Since then, there have been many improvements to the metathesis reaction expanding 
its applicability and scope.
2-5 
The Nobel Prize committee recognized metathesis as “green 
chemistry, reducing potentially hazardous waste through smarter production.”
6
  
Scheme 45: General scheme of olefin metathesis 
 
Despite great efforts, the ability to produce highly functionalized diene systems is rather 
limited with metathesis.
7
 The synthesis of functionalized, conjugated diene systems is an 
important area of synthetic organic chemistry as such systems are commonly found in a variety 
of naturally occurring metabolites (Figure 8).
8,9
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Figure 8: Diene-containing natural products 
 
A metal-catalyzed cross coupling between two alkenes has been widely used in organic 
chemistry,
10-17
 however, as previously elucidated, the activation of one or both of the coupling 
partners is required for coupling to occur (Scheme 46).  
Scheme 46:  Conventional cross-coupling reaction to form dienes 
 
For example, a conventional way to synthesize dienes is through a palladium-catalyzed 
Heck coupling (Scheme 47).
18
 Not only does this method require the presence of a vinyl halide, 
the harsh reaction conditions limit its tolerability. Coupling alkenes and alkynes is an alternative 
method for forming dienes that does not require halogen pre-functionality. Rhodium has also 
been employed toward the synthesis of dienes.
19-21
 Using a cationic rhodium(I)/H8-BINAP 
complex, Tanaka and co-workers were able to regioselectively and stereoselectively form 1,3 
diene 3.6 from an electron deficient alkyne and olefin.
22
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Scheme 47: Palladium and rhodium-catalyzed synthesis of dienes 
 
On the other hand, the use of ruthenium toward diene synthesis has become an attractive 
endeavor over the past decade. Capitalizing on the success of metathesis, enyne metathesis has 
been used toward the synthesis of dienes.
23-28
 Recently, the Diver group published the synthesis 
of conjugated dienes using a relay strategy (Scheme 48).
29
 The relay method allowed the use of 
unreactive olefins for cross-metathesis with alkynes to provide the desired 1, 3-diene. 
Scheme 48: Relay strategy employed in enyne metathesis 
 
 Furthermore, cationic ruthenium complexes have been employed by Trost et al. to 
synthesize dienes via an intramolecular cycloisomerization (Scheme 49).
30
 This protocol 
demonstrated how a simple reaction can turn readily available starting materials into complex 
synthetic intermediates. The Trost group later used that same catalyst toward the intermolecular 
synthesis of dienes.
31
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Scheme 49: Synthesis of dienes 3.12 and 3.15 by the Trost group 
 
Although rarely considered, ruthenium hydrides have potential to form Csp2-Csp2 bonds 
without the need for pre-activation and can be used for producing highly functionalized dienes.
32-
34
 Herein, a strategy toward the formation of highly functionalized 1,3-dienes using ruthenium 
hydrides will be discussed. 
3.1.1 Ruthenium hydride-catalyzed synthesis of dienes 
Ruthenium hydrides have been used for a myriad of transformations
35-42
 including 
silylative coupling,
35
 hydrogenation,
38
 and hydrovinylation.
37
 Despite several examples in 
literature for the facile preparation of ruthenium hydrides,
43,44
 the use of these complexes has 
been limited. Only until recently have these hydrides been implemented toward the synthesis of 
dienes. Mori and co-workers demonstrated the intramolecular cyclization of enynes 3.16 using 
RuHCl(CO)(PPh3)3 to create dienes 3.17 (Scheme 50).
34-33
 Mechanistically, the reaction proceeds 
through a hydroruthenation of the alkyne followed by a Michael addition and β-hydride 
elimination to regenerate the catalyst and provide the cyclized product. All of the examples 
reported were intramolecular and formed small rings with great regiocontrol.  
 
155 
 
 
Scheme 50: Cyclization of enyne using ruthenium hydride catalyst 
 
Efforts have also been made toward the intermolecular formation of dienes using 
ruthenium hydrides. An example by Marciniec and co-workers involves the coupling of vinyl 
boronate 3.21 with terminal alkynes 3.20 using RuHCl(CO)(PCy3)2.
32
 Although the desired 
conjugated diene 3.22 was achieved as the major product, the practicality of such a method was 
unattractive due to the mixture of products (Scheme 51).
32
  
Scheme 51: Cross coupling of vinyl boronates with terminal alkynes 
 
More recently, Plietker and co-workers reported the intermolecular hydrovinylation of 
alkyne 3.26 to form conjugated diene 3.28 (Scheme 52).
45
 Although the regioselectivity of this 
protocol could be controlled with terminal alkynes and alkynyl ethers, unsymmetrical internal 
alkynes produced a mixture of regioisomers.
45
 To achieve the regioselectivity of 3.26, the benzyl 
ether coordinates with the metal to direct the addition. Of note, the products obtained had limited 
functionality due to the necessary inclusion of a vinyl proton (labeled red in Scheme 55).  
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Scheme 52: Regioselectivity of the hydrovinylation of alkynylether 
 
Although the regioselective synthesis of 3.28 could be obtained via Plietker’s method, 
albeit as a stereoisomeric mixture, our interest was in the regioselective and stereoselective 
synthesis of the opposite regioisomer. We aimed to synthesize these valuable diene motifs in 
high regio- and stereoselectivity, without the need for any pre-activation of the coupling partners. 
Development of an atom economical method that removes the need for an activated olefin and/or 
alkyne is of great importance, as it would improve efficiency and reduce production of toxic by-
products.  
The Clark group became interested in the use of a silicon tethered approach to achieve 
this objective. Denmark and Pan demonstrated the intramolecular hydrosilylation of alkyne 3.29 
(Scheme 53).
46
  This silicon tether assisted approach provided high regio-selectivity for the 
reaction. As a result of the hydrosilylation, the silicon ends up on the proximal carbon of the 
alkyne. 
Scheme 53: Intramolecular hydrosilylation of alkyne 
 
The use of ruthenium hydrides to generate a similar outcome would require an alternative 
silicon moiety since ruthenium hydrides do not add across Si-H bonds. Vinyl silicon species, 
however, are known to react with ruthenium hydrides to produce the requisite silylruthenium 
157 
 
 
complex 3.35.
47
 Marciniec and co-workers conducted DFT studies on the silylative coupling of 
vinyl silanes. Their mechanistic proposal is outlined in Scheme 54. Firstly, the ruthenium 
hydride adds across olefin 3.32 to produce complex 3.33. This is followed by rotation to improve 
interaction between the ruthenium and silicon. A bond is formed between the silicon and 
ruthenium resulting in loss of ethylene gas to produce the silylruthenium complex 3.35. The 
resulting complex reacts with another equivalent of olefin 3.32 followed by β-H elimination to 
provide the silylative coupling product 3.37 and regenerate Ru-H 3.31. 
Scheme 54: Mechanism for ruthenium hydride-catalyzed silylative coupling 
 
Based on these results, the Clark group proposed using a vinyl silicon tether that could 
react with a ruthenium hydride to provide the silylruthenium species 3.39 (Scheme 55). This 
species would then undergo a silylruthenation across the alkyne. The requisite vinyl ruthenium 
3.40 would be intercepted with another alkene to provide the conjugated diene product 3.41. 
Vinyl silicon species, including those bound within a siloxane ring, are of great interest due to 
their use in carbon-carbon bond forming reactions,
48,49
 enabling the synthesis of complicated 
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motifs found in a variety of natural products.
50
 A prime advantage of this route is that the 
resulting diene product 3.41 does not incorporate the need for a hydrogen atom, thus allowing 
the formation of a valuable tetra-substituted olefin. 
Scheme 55: Proposed silicon directed addition across alkyne 
 
After some careful optimization, the Clark group published the intermolecular ruthenium 
hydride coupling between acrylates and internal alkynes 3.42 (Scheme 56).
51
 Extensive 
spectrometric identification of the resulting compounds, including 2-D NMR studies and X-ray 
crystallography, revealed that the product was obtained through a trans-5-exo-dig cyclization to 
provide the (Z,E)-diene 3.43. Several ruthenium hydride catalysts were screened and 
RuHCl(CO)(PCy3)2 worked favorably. When RuHCl(H2IMes)(CO)(PPh3) was tested, the desired 
product was formed along with a small amount of the terminal diene product 3.44. This product 
was believed to be formed via an intramolecular ethylene transposition, whereby the ethylene 
lost to form the silyl ruthenium complex 3.39 was recycled back into the reaction. It was 
reasoned that the addition of an olefinic additive such as MVK might promote the capture of the 
released ethylene for re-use in the reaction. Soon after the group published the results of this 
intramolecular silylvinylation to produce terminal dienes 3.44 (Scheme 56).
52
 A minor six or 
seven-membered ring 3.45 was also formed.  
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Scheme 56: Intermolecular and Intramolecular silylvinylation 
 
Similar to our previous outcome, this process also favored the formation of a Z-olefin 
resulting from a trans-silylruthenation across the alkyne. Although the stereoselective 
hydrosilylation of internal alkynes using ruthenium catalysts has shown to be trans-
selective,
46,53,54
 the silyl vinylation to make (Z,E)-diene systems is a rare example in literature.
55-
57
 The structures shown are supported by NOE and NOESY experiments, which reveal a strong 
correlation between the methylene protons and the vinylic proton (Scheme 56, shown in red).
51,58
 
Mechanistically, it is plausible that the metal is undergoing a direct trans addition across 
the alkyne. Alternatively, the metal may first bind cis and then isomerize to the trans to relieve 
steric strain.
33
 A proposed catalytic cycle is shown in Scheme 57.
32
 Dissociation of the phosphine 
from catalyst F gives a highly active 14 electron ruthenium hydride complex G. Hydride G then 
inserts itself across the olefin of 3.42 to provide complex H. Entropically driven β-silyl 
elimination (with loss of ethylene gas) affords I.
47
 Intermediate I can then undergo a trans 
silylruthenation across the alkyne to provide intermediate K. Intermediate K could also be 
obtained from intermediate I through a cis silylruthenation across the alkyne followed by 
isomerization. The direct trans-addition across the alkyne seems unfavorable due to the inherent 
strain associated with its formation; however Trost
55
 and Murakami
56
 have proposed a direct 
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trans addition of silyl groups across alkynes using cationic ruthenium complexes. Intermolecular 
olefin insertion with ethylene gives complex L. β-Hydride elimination of L produces the desired 
product and regenerates the active ruthenium hydride G.  
Scheme 57: Proposed catalytic mechanism of intramolecular silyl vinylation 
 
The synthesis of the six membered siloxane ring by-product 3.45 can be rationalized 
through another possible mechanism outlined in Scheme 58. The 14-electron ruthenium complex 
G undergoes a hydroruthenation across the alkyne to provide complex M. Following olefin 
insertion and β-H elimination, the catalyst G is regenerated and the cycloisomerized product 3.45 
is formed. 
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Scheme 58: Proposed catalytic mechanism for cycloisomerization 
 
 An important factor for the success of this approach was the use of MVK as the additive 
presumably to protect the ruthenium catalyst from decomposition.
34,59
 It was noted that the 
catalyst loading could be lowered with an increase of MVK additive. The reaction tolerated a 
wide variety of compounds bearing an aryl moiety off the alkyne, but aliphatic internal alkynes 
were not tolerated. The limited substrate scope and long reaction times encouraged us to explore 
a more efficient protocol. We felt an alternative alkene additive could be used to lower the 
catalyst loading and possibly improve the substrate scope. Ethylene(g) is the simplest alkene and 
is readily available with almost 150 million pounds produced daily.60 Its economical nature has 
made it a viable source for vinlyation chemistry.61-65 To date, its use in silylvinylation chemistry 
has not been studied. We believed that the addition of ethylene(g) might improve the production 
of diene 3.44. Furthermore, we felt that a high volume of an alkene additive might be able to 
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provide some insight into the mechanistic nature of the reaction by allowing us to possibly 
observe the reaction of the proposed short-lived intermediate J. We were also hopeful that the 
use of ethylene(g) may permit the reaction to work with internal aliphatic alkynes.  
3.2 RESULTS AND DISCUSSION 
3.2.1 Reaction scope 
The optimized reaction conditions were found to include catalyst F (1-5 mol%) in 1,2-
dichloroethane (DCE) at 80˚C under 1 atm of ethylene. Other solvents such as toluene and 
dioxane were also tolerated under the same conditions. Interestingly, the reaction produced a 
mixture of three products (O-Q) (Table 12). Products O and P were formed as in our previous 
conditions. The production of Q is likely attained via a cis silylruthenation across the alkyne 
followed by coupling with ethylene. This lends support to our proposed mechanism of 
isomerization.  
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Table 12: Substrate scope.
a
  
 
 
 
We examined the substrate scope of this reaction by first adjusting the substitution at the 
homo-propargyl and propargyl positions while maintaining a phenyl alkyne (3.42a-i). The 
reaction tolerated methyl and cyclohexyl groups at the homo-propargyl position providing yields 
of 80% and 70%, respectively. A phenyl group at the homo-propargyl position was also well 
tolerated. Di-substitution at the homopropargyl position afforded 3.44d in 69% and 3.44e in 76% 
yield.
66
 Diene 3.44f was rapidly produced in 67% yield and products 3.44g (78%) and 3.44i 
(70%) demonstrated the reaction tolerance for syn or anti substitution at the propargyl and 
aO:P:Q ratios shown in parentheses determined by crude 1H NMR using mesitylene as an internal 
standard. Isolated yields are shown. Products were isolated as a mixture of Z/E isomers (O:Q). 
bReactions run by Ijaz Ahmed 
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homopropargyl positions. The larger biphenyl substitution was also tolerated, providing 3.44h in 
64% yield. 
Other aryl alkynes were well tolerated in the reaction. 4-Fluorophenyl worked well as 
well as the 3,5-xylyl producing products 3.44j and 3.44k in 69% and 74% yield, respectively. 
Pleasingly, ortho-substitution on the aryl ring was also tolerated providing 3.44l and 3.44m in 
70% and 71% respectively. Electron-rich and electron-poor derivatives worked well providing 
3.44n and 3.44o in 73% and 64% yields. The reaction also worked well to form the six 
membered silacycle 3.44p in 82% yield. The reaction was also conducted to form a larger seven 
membered silacycle but the product became difficult to isolate. 
Despite high hopes, the reaction conditions did not work with internal aliphatic alkynes. 
However, we found that when conducting the reaction under a higher pressure of ethylene (80 
psi), internal aliphatic alkynes underwent silylvinylations (Table 13). Interestingly, the ratio 
between O and Q varied between substrates. Further studies still need to be conducted into the 
substrate scope to establish a direct correlation. Of note, the higher pressure provided almost a 
reversal of selectivity for substrate 3.44q. Perhaps the higher pressure of ethylene reacts rapidly 
with the cis silylruthenium complex J (Scheme 57) before isomerization can occur.  
 
 
 
 
 
 
165 
 
 
Table 13: Silylvinylation under increased pressure of ethylene 
a,b 
 
 
 
The reaction was able to produce the anti-substrate 3.44i, without any loss of 
enantiopurity, which is important for asymmetric synthesis. The starting alkyne 3.42i was 
synthesized by the Grignard addition of propargyl magnesium bromide into commercially 
available trans-2,3-dimethyloxirane. We wanted to further expand upon the synthesis of these 
valuable asymmetric derivatives. Since the availability of various oxiranes is limited, an 
alternative approach was considered. To achieve the starting alkyne, an Evan’s anti-aldol 
approach was employed (Scheme 59) starting from commercially available L-phenylalanine 
3.46.
67-70
 Formation of the oxazolidinone 3.48 was achieved in two steps from starting L-
phenylalanine 3.46. Acylation with propionyl chloride followed by the magnesium mediated 
Evan’s anti-aldol reaction yielded a variety of aldol-adducts (Figure 9).
70,71
 
 
 
 
 
aYields are isolated yields. O:Q ratio shown in parenthesis. Ratios were determined by crude 1H 
NMR using mesitylene as an internal standard.b Reactions run by Robert J. Wilson 
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Scheme 59: Evan’s anti-aldol approach 
 
Figure 9: Anti-aldol substrates synthesized and used to explore synthesis 
 
With the anti-aldol substrates at hand, we explored the formation of the desired alkyne 
moieties. Attempts to convert substrate 3.50a to the Weinreb amide were unsuccessful, 
presumably due to preferred endocyclic cleavage.
72,73
  
Due to our lack of success with the Weinreb amidation, we explored an alternative route. 
Anti-aldol substrates 3.50a-c underwent a TBS protection followed by a NaBH4 reduction to 
yield alcohols 3.51a-c. The alcohols were then readily converted to aldehydes 3.52a-c through  
either Swern
74
 or Dess-Martin
75
 oxidations (Scheme 60). The Swern oxidation worked 
unfavorably for alcohol 3.51b. Although it is not a typical side reaction of the Swern oxidation,
76
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we believe that the sulfoxide may be attacking the β carbon of the olefin rendering it ineffective. 
Of note, slight epimerization of the materials was unfortunately observed (<3% epimerization).   
Scheme 60: Synthetic route to aldehydes 3.52a-c 
 
Next, standard literature procedures to convert these aldehydes to the desired alkynes 
were then surveyed. The Corey-Fuchs reaction involves first converting the aldehyde to the 
dibromo olefin intermediate.
77
 Two equivalents of n-butyllithium followed by hydrolysis should 
afford the terminal alkyne. Unfortunately, treatment of aldehyde 3.52b with triphenylphosphine 
and carbon tetrabromide gave a complex mixture (Scheme 61).
78
  
Scheme 61: Corey Fuchs reaction with aldehyde 3.52c 
 
The Colvin rearrangement, on the other hand, is a one step transformation for converting 
ketones and aldehydes to alkynes using trimethylsilyldiazomethane
79
 and n-butyllithium or LDA 
(Scheme 62).
80,81
 A drawback to this method is the potential for epimerization of enolizable 
carbonyls. This rearrangement was briefly tested and provided poor yields along with 
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epimerization. The Seyferth-Gilbert homologation is also a one step protocol using an α-
diazophosphonate under basic conditions.
82
 Because this method also requires a strong base for 
deprotonating the diazophosphonate, we looked toward milder conditions. The Ohira-Bestmann 
modification uses dimethyl-1-diazo-2-oxopropylphosphonate 3.59 and a milder base for 
activation.
83,84
 The mild conditions and tolerability of the Ohira-Bestmann protocol was 
promising. 
Scheme 62: Methods to convert aldehydes and ketones to alkynes 
 
The synthesis of the Ohira-Bestmann reagent began with the Michealis-Arbuzov reaction 
using chloroacetone 3.57 (Scheme 63).
85
 Converting the chloroacetone to iodoacetone in situ 
prevented the formation of the Perkow product 3.56.
86
 Reaction of dimethly-2-
oxopropylphosphate 3.58 with tosylazide (TsN3) in the presence of sodium hydride provided the 
reagent 3.59 in good yield. Due to the hazardous nature of azides, we sought to conduct the 
reaction using p-ABSA.
87
 The reaction worked, albeit in a lower yield due to difficulty in 
purification. 
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Scheme 63: Synthesis of Ohira-Bestmann reagent 
 
Under the original conditions for the Ohira-Bestmann protocol,
83
 a low yield was 
obtained along with extensive epimerization (d.r. = 3:2). Alternative conditions
88
 provided an 
acceptable yield with minimal epimerization (<2% epimerization). Aldehydes 3.52a and 3.52c 
were converted to the alkyne through the aforementioned synthetic route (Scheme 64). 
Scheme 64: Synthesis of alkynes 3.60a and 3.60c using the Ohira-Bestmann protocol 
 
Sufficient material for the phenyl substrate 3.60a was obtained and the material was 
taken forward. The Sonogashira coupling provided a good yield with the TBS-protected 
substrate 3.60a, however epimerization was observed (Scheme 65). Carrying out the coupling 
after removal of the TBS protection yielded alkyne 3.61a in satisfactory yield. The Sonogashira 
coupling is usually tolerable of TBS ethers,
89
 but the presence of the TBS group promoted 
epimerization. 
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Scheme 65: Sonogashira coupling to form alkyne 3.63a 
 
The final step of the synthesis was achieved through the facile attachment of vinyl silicon 
tether to yield alkyne 3.64a (Scheme 66).  Alkyne 3.62a was achieved from the anti-aldol adduct 
3.50a in seven steps with a 13.7% overall yield. 
Scheme 66: Attachment of silicon tether 
 
Anti-alkyne 3.64a was subjected to the intramolecular vinylation under an ethylene(g) 
atmosphere to provide diene 3.65a in 63% isolated yield (Scheme 67).  Since the starting alkyne 
had a 15:1 diastereomeric ratio, the syn-isomer 3.66a was also isolated in 7% yield. The minor 
syn isomer 3.66a was unfortunately impure by proton NMR. Nevertheless, the syn isomer was 
confirmed through comparison of spectral data since the compound had been synthesized 
previously in the lab. The major difference between the two isomers was in the chemical shift of 
the methyl protons. In the anti substrate 3.65a, a doublet appears for the methyl protons at 1.41 
ppm while the same protons appear as a doublet at 0.70 ppm for the syn substrate 3.66a. The 
change in chemical shift could be attributed to shielding from the siloxane ring shifting the signal 
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upfield. The two diastereomers were separable by preparative thin layer chromatography. The 
minor isomers 3.67a and 3.68a were observed in the crude NMR. NOESY data confirmed the 
structure of 3.65a. The low overall yield of this synthetic route hinders the synthesis of the other 
derivatives. Optimization of the steps is needed for scalable development and implementation 
toward the asymmetric synthesis of drug targets or natural products. With other aldol substrates 
3.50b-c at hand, we can proceed to synthesize a variety of anti-alkyne substrates. The high 
functionality of these dienes is evident of their synthetic value. 
Scheme 67: Intramolecular vinylation of alkyne 3.64a 
 
3.2.2 Derivatization of products 
 The ability to regioselectively and stereoselectively form tetra-substituted diene systems 
is an attractive protocol that can be utilized toward the synthesis of valuable drug targets or 
naturally occurring metabolites. To showcase the synthetic utility of these systems, a host of 
reactions were conducted. The Fleming Tamao oxidation
12,90
 under neutral conditions provided 
no oxidation products and resulted in the slow decomposition of diene 3.44a. The reaction under 
acidic conditions adopted from Carreira
50
 produced a mixture of products α,β and β,γ-
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unsaturated ketones 3.69 and 3.70, respectively (Scheme 68). The mixture was treated with DBU 
for a short time to equilibrate the mixture to the single α,β-unsaturated ketone 3.69. 
Scheme 68: Fleming-Tamao oxidation under acidic conditions with diene 3.44a 
 
On the other hand, basic Tamao conditions afforded α,β-epoxy ketone 3.71 in 70% yield 
(Scheme 69). Presumably, the basic peroxide facilitates a Michael-addition to produce an α,β-
epoxy ketone. A Heck coupling was also tolerated after diene 3.72 was unexpectedly obtained 
from a Hiyama-Denmark coupling
91
 with the silyl moiety of diene 3.44c. Coupling diene 3.44c 
with iodotoluene using Pd(OAc)2 and K2CO3 in DMF at 80˚C provided 3.72 in 64% yield.  
Scheme 69: Synthesis of α,β-epoxy ketone 3.69 and diene 3.70
a 
 
a Work conducted by Robert J. Wilson and Lauren Kaminsky 
 Next, we explored the selective dihydroxylation of the terminal diene 3.44a. Conducting 
the reaction with catalytic OsO4 under UpJohn conditions
92,93
 did not result in any reaction 
(Table 14, entries 1-3). Even increasing the equivalence of oxidizing agent (K3Fe(CN)6) did not 
improve the outcome (entry 4). We found that diene 3.44a could undergo dihydroxylation using 
AD-mix α (entries 5-6). We are still unsure why AD-mix α provided the right blend for the 
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dihydroxylation to occur. To our delight, the yield of diol 3.73 improved by almost 20% with the 
addition of methane sulfonamide (entry 7). Presumably, the additive facilitates transfer of the 
osmium catalyst between the aqueous and organic layers.
94
 The diol could further be cleaved 
using a strong oxidant such as PIDA to provide aldehyde 3.74 in 50% yield. 
Table 14: Dihydroxylation of diene 3.44a followed by oxidative cleavage 
 
Entry 
Scale 
(mmol) 
Conditions Yield
a 
1 0.1 OSO4 (2.5% in tBuOH, 0.015eq), NMO (1.5 equiv) , Acetone (0.8mL), H2O (0.1mL) NR 
2 0.1 OSO4 (5% in H2O, 0.015equiv), NMO (1.5 equiv), Acetone (0.8mL), tBuOH (0.1mL) NR 
3 0.1 OsO4, NMO (1.2 equiv), DABCO, Acetone (0.5mL), H2O (0.1mL) NR 
4 0.1 OsO4 (5% in H2O, 0.002 equiv), K3Fe(CN)6, DABCO, tBuOH, H2O NR 
5 0.1 AD-mix α, tBuOH (1mL), H2O (1mL) 46% 
6 0.5 AD-mix α, tBuOH (1mL), H2O (1mL) 45% 
7 0.5 AD-mix α, MeSO2NH2 (1.5 eq.), tBuOH, H2O 64%
 
aIsolated yields 
 
Aldehyde 3.74 is an interesting target compound, because it establishes a silylformylation 
product that positions the aldehyde trans to the silicon. The direct silylformylation of alkynes has 
been achieved in the literature, albeit in the cis geometry.
95-97
 Denmark and Kobayashi 
demonstrated the rhodium-catalyzed intramolecular cis-silylformylation across internal alkyne 
3.75 to synthesize α,β-unsaturated aldehyde 3.76 (Scheme 70). Our next goal therefore was to 
create a streamlined approach to achieve the trans-silylformylation of internal alkynes.  
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Scheme 70: Intramolecular silylformylation of alkynes using rhodium 
 
We began by trying to first establish conditions that could convert the terminal diene to 
an aldehyde. Modified Johson-Limeux conditions
98
 provided a modest yield of 21% directly 
from the olefin (Table 15, entry 1). We opted for a stepwise protocol by cleaving the diol formed 
in situ. Through this approach, an overall crude yield of 8% was achieved with catalytic OsO4 
and cleaving with sodium periodate (entry 2). Using AD-mix α and cleaving with PIDA provided 
a 42% yield of the aldehyde (entry 3). Other protocols were explored but with poor results. 
Forming the epoxide followed by cleavage provided a 2% yield (entry 4).
99
 Similarly, both a 
diborylation followed by oxidation
100
 and using in situ generated RuO4 provided poor yields 
(entries 5 and 6).
101
 
We desired a more practical approach that would involve the direct oxidative cleavage 
followed by the silyl vinylation. This would avoid isolating the diene intermediate and conduct 
the oxidative cleavage in situ. We therefore tested the feasibility of the dihydroxylation and 
cleavage to occur in a solvent more fit for the silylvinylation. Conducting the reaction in dioxane 
provided lower yields (entries 7 and 8), but we were pleased that the reaction worked. 
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Table 15: Conversion of diene 3.44a to aldehyde 3.74 
 
Entry Conditions Crude Yield
a 
1 OsO4, PIDA, 2,6 Lutidine, THF 21% 
2 OsO4 (0.05 equiv), NMO (2.0 equiv), tBuOH, H2O, then NaIO4 8% 
3 AD-mix α, MeSO2NH2, tBuOH, H2O, then PIDA (1.2 equiv) 42%
 
4 mCPBA, (1.5 equiv), DCM, then HIO4 (1.2 equiv), THF, H2O 2% 
5 3.5 mol% RuCl3, Oxone (1.5 equiv), Dioxane, H2O 2%(45% conv.) 
6 B2pin2 (1.1 eq.), 2 mol% Ni(COD)2, PCy3, toluene then NaOH, H2O2 NR 
7 
OsO4 (0.02 equiv), PIDA (2.3 equiv) 
 4-methyl-2,6,di-t-butyl-pyridine (2.5 equiv), Dioxane, H2O 
1% 
8 AD-mix α, MeSO2NH2, Dioxane, H2O, then PIDA (1.5 equiv) 35%
 
aYield was determined by crude 1H NMR using mesitylene as an internal standard 
 
Once we had established certain conditions to form the aldehyde directly from the diene, 
we began exploring the overall reaction sequence, starting from the silylvinylation of the alkyne, 
without isolating any intermediates (Table 16). Unfortunately, we were unable to conduct the 
oxidation of the diene in situ. Perhaps the presence of ruthenium salts hindered the oxidation. 
Ruthenium(VIII)tetroxide could potentially form, which has been shown to oxidize phenyl 
rings.
102,103
 In fact, conducting the silyl formylation with other ruthenium salts, particularly 
RuCl3 provided no product.
104,105
  It is unfortunate that the diene needs to be isolated prior to 
oxidative cleavage. More studies will however need to be conducted. Perhaps a quick filtration, 
followed by removal of volatile components after the silyl vinylation may permit the oxidative 
cleavage.  
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Table 16: Silyl formylation of alkyne 3.42a 
 
Entry Solvent Conditions Crude Yield
a 
1 Dioxane AD-mix α, MeSO2NH2, Dioxane, H2O, then PIDA (1.5 eq) No yield 
2 Dioxane AD-mix α, MeSO2NH2, Dioxane, H2O, then PIDA (1.5 eq) No Yield 
3 DCE NaIO4 (1.5 eq), CeCl3 (0.1 eq), H2O, DCE No Yield 
4 DCE NaIO4 (1.5 eq), CeCl3 (0.1 eq), RuCl3 (0.025), H2O, DCE No Yield 
5 DCE NaIO4 (2.0 eq), RuCl3 (0.035), H2O, DCE No Yield 
6 DCE 
NaIO4 (1.5 eq), CeCl3 (0.1 eq), RuCl3 (0.025), H2O, MeCN, 
EtOAc 
2 % 
7 DCE PIDA (2.0 eq), RuCl3 (0.035), H2O, DCE No Yield 
8 DCE PIDA (2.0 eq), RuCl3 (0.035), H2O, DCE No Yield 
9 DCE PIDA (2.0 eq), OsCl3 (0.035), H2O, DCE No Yield 
aYield was determined by crude 1H NMR using mesitylene as an internal standard 
  
3.3 CONCLUSION 
In summary, ethylene(g) has been successfully used to promote the ruthenium hydride-
catalyzed silylvinylation of internal alkynes. The protocol was useful for the synthesis of highly 
substituted dienes that could further be elaborated to synthesize valuable motifs. The silicon 
tether was used constructively to provide a regio and stereoselective product. Conducting the 
reaction under a higher pressure of ethylene resulted in an almost complete reversal in 
stereoselectivity. However, further study into the effect of higher pressure is still required to gain 
a better understanding of the reaction. 
Incorporating more asymmetric analogues as well as up-scaling the asymmetric process 
will allow us to apply this methodology toward the synthesis of challenging targets. Furthermore, 
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the synthetic transformations of the diene system demonstrate the synthetic utility of these 
systems. The oxidation of the diene to produce the trans silylformylation product, in particular, 
is a unique protocol that warrants further study. The facile synthesis of ruthenium hydride 
catalysts and the practicality of the silylvinylation chemistry make this an attractive protocol that 
can be utilized toward the production of prized natural products.  
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3.4 EXPERIMENTALS 
General Experimentals 
Unless otherwise indicated, all reactions were conducted in oven (140˚C) or flame-dried 
glassware using distilled and degassed solvents under positive pressure of dry argon with 
standard Schlenk techniques. All air-sensitive reagents were stored in an MBraun labmaster 
glovebox containing dry argon gas. Dry THF, toluene, MeCN, Et2O, and DCM were obtained by 
passing commercially available pre-dried, oxygen-free formulations through two activated 
alumina columns using an MBraun MB-SPS solvent purification system. Stainless steel syringes 
that had been oven-dried (140˚C) and cooled under argon atmosphere or in a desiccator were 
used to transfer air- and moisture-sensitive liquids. Yields refer to chromatographically and 
spectroscopically (
1
H NMR) homogeneous materials, unless otherwise stated. Reactions were 
monitored by thin-layer chromatography (TLC) carried out on pre-coated glass plates of silica 
gel (0.25 mm) 60 F254 from EMD Chemicals Inc. using the indicated solvent system. 
Visualization was accomplished with ultraviolet light (UV 254 nm). Alternatively, plates were 
treated with one of the following solutions (this was accomplished by holding the edge of the 
TLC plate with forceps or tweezers and immersing the plate into a wide-mouth jar containing the 
desired staining solution) and carefully heating with a hot-air gun (450˚C) for approximately 1-2 
min (NOTE: excess stain was removed by resting the TLC on a paper towel prior to heating): 
10% phosphomolybdic acid in ethanol, 1% potassium permanganate/7%potassium 
carbonate/0.5% sodium hydroxide aqueous solution, and/or anisaldehyde in ethanol with 10% 
sulfuric acid. Flash column chromatography was performed using Silia Flash® P60 silica gel 
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(40-63 μm) from Silicycle. All work-up and purification procedures were carried out with 
reagent grade solvents (purchased from VWR) in air. 
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Instrumentation 
Infrared (IR) spectra were recorded on a Thermo Nicolet IR-100 spectrometer, νmax in cm
-1
, and 
were obtained from samples prepared as thin films between NaCl plates. 
1
H NMR spectra were 
recorded on a Bruker Avance DPX-300 (300 MHz) spectrometer and a Bruker Avance III HD 
(400 MHz) spectrometer with CryoProbe Prodigy. Chemical shifts are reported in parts per 
million (ppm) and are calibrated using residual undeuterated solvent as an internal reference 
(CDCl3: δ 7.26 ppm; D2O: 4.79 ppm; CD3OD: 3.31 ppm; DMSO-d6: 2.50 ppm; C6D6: 7.16 ppm; 
CD3CN: 1.94 ppm). Data are reported as follows: chemical shift, multiplicity, coupling constants 
(Hz), and integration. The following abbreviations or combinations thereof were used to explain 
the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, pent = pentet, sex = sextet, sept 
= septet, m = multiplet, at = apparent triplet, aq = apparent quartet, b = broad. 
13
C NMR spectra 
were recorded with complete proton decoupling on a Bruker Avance DPX-300 (75 MHz) 
spectrometer and a Bruker Avance III HD (100 MHz) spectrometer with CryoProbe Prodigy. 
Chemical shifts are reported in ppm and are calibrated using residual undeuterated solvent as an 
internal reference (CDCl3: δ 77.16 ppm; DMSO-d6: 39.52 ppm; C6D6: 128.06 ppm; CD3OD: 
49.00 ppm). 
19
F NMR spectra were recorded on a Bruker Avance DPX-300 (282.4 MHz) 
spectrometer. Chemical shifts are reported in ppm and are calibrated using an external reference 
(CFCl3: δ 0.00 ppm). 
11
B NMR spectra were recorded on a Bruker Avance III HD (128 MHz) 
spectrometer with CryoProbe Prodigy. Chemical shifts are reported in ppm and are calibrated 
using an external reference (BF3OEt: δ 0.00 ppm). In the 
13
C NMR spectra of boron containing 
compounds, the resonance corresponding to the carbon ipso to the boron was not observed. 
31
P 
NMR spectra were recorded on a Bruker Avance DPX-500 (202.5 MHz) spectrometer. Chemical 
shifts are recorded in ppm and are calibrated as an external reference (85% H3PO4 in water: δ 
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0.00 ppm). 2D NMR spectra were recorded on a Bruker Avance DPX-500 or DPX-600 
spectrometer. High resolution mass spectra (HRMS) were performed at the mass spectrometry 
facility of CUNY Hunter College (New York, New York), SUNY Buffalo (Buffalo, New York), 
or Old Dominion University (Norfolk, Virginia).  Enantiomeric ratios were determined by chiral 
high performance liquid chromatography (HPLC) analysis on a Varian Prostar instrument using 
chiral analytical columns as stated, in comparison with racemic samples obtained using (+/-)-
BINOL. Optical rotations were measured at a sodium D line (589 nm) on a Rudolph Research 
Analytical Autopol III polarimeter and reported as follows: [α]D
T
 λ (c in 10 g/mL), in reagent 
grade chloroform (CHCl3) or tetrahydrofuran (THF). Melting points (m.p.) are uncorrected and 
were recorded using an Electrothermal Mel-Temp® melting point apparatus. 
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(Z)-5-([1,1'-biphenyl]-4-yl)-2,2-dimethyl-3-(1-phenylallylidene)-1,2-oxasilolane (3.44h): In 
an argon-filled glovebox, a 50 mL oven dried Schlenk tube equipped with a magnetic stir bar 
was charged with RuHCl(CO)(H2IMes)(PPh3) (9.2 mg, 0.01 mmol, 0.05 equiv.), ((1-([1,1'-
biphenyl]-4-yl)-4-phenylbut-3-yn-1-yl)oxy)dimethyl(vinyl)silane (96 mg, 0.25 mmol, 1.0 equiv.) 
and DCE (1.0 mL). The reaction tube was sealed and removed from the glovebox. The reaction 
mixture was saturated with ethylene (g) and subsequently placed under an ethylene atmosphere 
(balloon). The reaction tube was placed in a preheated 85˚C oil bath and monitored by TLC. 
After 2h, the reaction was allowed to cool to ambient temperature before filtering through a plug 
of silica eluting with DCM. The filtrate was concentrated in vacuo to yield crude oil with crude 
oil with 7:1:2 (O:P:Q). Purified by flash column chromatography eluting with 1% Et2O in 
hexanes to yield 61 mg (64%) of a white solid. 
Rf: 0.57 (5% Et2O/Hex) 
1
H NMR (400 MHz, CDCl3): δ = 7.62-7.59 (m, 4H), 7.49-7.42 (m, 4H), 7.38-7.32 (m, 4H), 
7.19-7.17 (m, 2H), 6.89 (dd, J = 10.7, 17.2 Hz, 1H), 5.26 (d, J = 10.7 Hz, 1H), 5.12 (dd, J = 5.5, 
9.5 Hz, 1H), 4.92 (dd, J = 0.86, 17.2 Hz, 1H), 3.32 (dd, J = 5.5, 16.3 Hz, 1H), 2.66 (dd, J = 9.5, 
16.3 Hz, 1H), 0.10 (s, 3H), -0.14 (s, 3H); minor isomer diagnostic peaks: δ = 6.58 (dd, J = 
17.0, 10.4 Hz, 1H), 4.99 (dd, J = 5.5, 9.7 Hz, 1H), 4.82 (d, J = 17.0 Hz, 1H), 4.15-4.12 (m, 1H), 
0.43 (s, 3H), 0.34 (s, 3H) 
13
C NMR (100 MHz, CDCl3): δ = 147.5, 143.8, 142.8, 141.6, 141.2, 140.4, 135.8, 129.8, 128.9, 
128.0, 127.5, 127.3, 127.3, 126.0, 118.8, 77.7, 41.9, 0.5, -0.5 
Elemental Combustion: Anal. Calcd. for C26H26OSi: C, 81.63; H, 6.85; found: C, 81.50; H, 
7.14 
Melting Point: 67.5-69.5˚C 
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5-(3,5-dimethylphenyl)pent-4-yn-2-ol (3.77)
51,52
: 
A solution of 4-pentyne-2-ol (0.48 mL, 420 mg, 5 mmol), 5-bromo-m-xylene (0.88 mL, 1.19g, 6 
mmol), CuI (95mg, 0.5 mmol, 0.1 equiv), PdCl2(PPh3)2 (175 mg, 0.25 mmol, 0.05 equiv) and 
piperidine (5.0 mL) in dry THF (10 mL) was degassed by freeze-pump-thaw (3 times) and 
placed in a pre-heated oil bath at 65˚C under Ar(g) for 4.5h. The reaction mixture was allowed to 
cool to room temperature, diluted with Et2O and quenched with sat. NH4Cl(aq) (10 mL). The 
layers were separated and further extracted with Et2O (3 × 10 mL). The combined organic layers 
were washed with brine, dried over MgSO4, filtered and concentrated in vacuo to provide a dark 
brown oil. The oil was purified by flash column chromatography eluting with 20% EtOAc in 
hexanes to afford the alcohol (470 mg, 50%) as an orange oil.  
Rf = 0.36 (20% EtOAc/Hexanes) 
1
H NMR (300 MHz, CDCl3): δ = 7.05 (s, 2H), 6.93 (s, 1H), 4.08-3.98 (m, 1H), 2.56 (d AB q, 
JAB = 16.5 Hz, JAX = 5.8 Hz, JBX = 7.2 Hz, 2H), 2.28 (s, 6H), 1.31 (d, J = 6.2 Hz, 3H) 
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dimethyl((5-(naphthalen-1-yl)pent-4-yn-2-yl)oxy)(vinyl)silane (3.42k)
51,52
:  
A flame dried 250 mL round bottom flask was charged with 5-(3,5-dimethylphenyl)pent-4-yn-2-
ol (470 mg, 2.5 mmol, 1.0 equiv.), imidazole (341 mg, 5.0 mmol, 2.0 equiv.), DMAP (61 mg, 0.5 
mmol, 0.2 equiv.) and dry DCM (25 mL). The resulting mixture was cooled to 0˚C in an ice 
water bath. Vinyldimethylchlorosilane (453 mg, 0.52 mL, 3.25 mmol, 1.5 equiv.) was added via 
syringe. The reaction mixture was stirred in bath and allowed to warm to room temperature 
overnight. The reaction was quenched with sat. NH4Cl(aq) (10 mL) and extracted with DCM (3 x 
10 mL). The combined organic phases were dried over MgSO4, filtered, and concentrated in 
vacuo. The residue was purified by flash chromatography (2.5% EtOAc in hexanes) to give 550 
mg (81%) of the product as a colorless oil. 
Rf = 0.71 (20% EtOAc/Hexanes) 
1
H NMR (300 MHz, CDCl3): δ = 7.02 (s, 2H), 6.91 (s, 1H), 6.18 (dd, J = 5.1, 14.8 Hz, 1H), 6.02 
(dd, J = 4.2, 14.8 Hz, 1H), 5.80 (dd, J = 4.2, 19.9 Hz, 1H), 4.08-3.98 (m, 1H), 2.52 (d AB q, JAB 
= 16.5 Hz, JAX = 5.8 Hz, JBX = 7.2 Hz, 2H), 2.27 (d, J = 0.6 Hz, 6H), 1.29 (d, J = 6.1 Hz, 3H) 
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(Z)-3-(1-(3,5-dimethylphenyl)allylidene)-2,2,5-trimethyl-1,2-oxasilolane (3.44k): In an argon-
filled glovebox, a 50 mL oven dried Schlenk tube equipped with a magnetic stir bar was charged 
with RuHCl(CO)(H2IMes)(PPh3) (2 mg, 0.0025 mmol, 0.01 equiv.), dimethyl((5-(naphthalen-1-
yl)pent-4-yn-2-yl)oxy)(vinyl)silane 3.42k  (68 mg, 0.25 mmol, 1.0 equiv.) and toluene (1.0 mL). 
The reaction tube was sealed and removed from the glovebox. The reaction mixture was 
saturated with ethylene (g) and subsequently placed under an ethylene atmosphere (balloon). The 
reaction tube was placed in a preheated 85˚C oil bath and monitored by TLC. After 1h, the 
reaction was allowed to cool to ambient temperature before filtering through a plug of silica 
eluting with DCM. The filtrate was concentrated in vacuo to yield crude oil with 28:3:1 
(O:P:Q). Purified by flash column chromatography eluting with 2% Et2O in hexanes to yield 50 
mg (74%) of a colorless oil.   
1
H NMR (400 MHz, CDCl3): δ = 6.92 (s, 1H), 6.84 (dd, J = 10.5, 17.2 Hz, 1H), 6.74 (s, 2H), 
5.23 (dd, J = 1.4, 10.6 Hz, 1H), 4.95 (dd, J = 1.5, 17.2 Hz, 1H), 4.23-4.15 (m, 1H), 2.93 (dd, J = 
5.4, 16.1 Hz, 1H), 2.33-2.30 (m, 1H), 2.30 (s, 3H), 2.30 (s, 3H), 1.32 (d, J = 6.08 Hz, 3H), -0.07 
(s, 3H), -0.21 (s, 3H); minor diastereromer diagnostic peaks: δ = 6.50 (dd, J = 10.4, 17.0 Hz, 
1H), 5.07 (d, J = 10.1 Hz, 1H), 4.78 (d, J = 17.0 Hz, 1H), 0.41 (s, 3H), 0.39 (s, 3H) 
 
13
C NMR (100 MHz, CDCl3): δ =147.6, 143.1, 141.6, 137.3, 135.8, 128.7, 127.5, 118.2, 72.6, 
40.7, 24.1, 21.4, 0.7, -0.3 
 
IR (film): v = 3012, 2925, 1601, 1248, 823 cm
-1 
Elemental Combustion: Anal. Calcd. for C17H24OSi: Calc: C, 74.94; H, 8.88; found: C, 74.85; 
H, 8.64 
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((5-(2-chlorophenyl)pent-4-yn-2-yl)oxy)dimethyl(vinyl)silane (3.42l)
51,52
: A solution of 4-
pentyne-2-ol (0.47 mL, 421 mg, 5 mmol), 2-bromochlorobenzene (0.7 mL, 1.15 g, 5.5 mmol), 
CuI (95 mg, 0.5 mmol), PdCl2(PPh3)2 (175 mg, 0.25 mmol) and Et3N (5 mL) in dry THF (10 
mL) was degassed by freeze-pump-thaw (3 times) and refluxed under Ar(g) over night. The 
reaction mixture was quenched with sat. NH4Cl(aq) (10 mL), and extracted with Et2O (3 × 20 
mL). The combined organic layers were washed with brine, dried over MgSO4, filtered and 
concentrated in vacuo. The residue was purified by flash chromatography on silica gel to afford 
the crude alcohol (583 mg, 55%) as an orange oil. To a solution of the alcohol (583 mg, 2.99 
mmol), imidazole (407 mg, 5.98 mmol) and DMAP (73 mg, 0.6 mmol) in dry DCM (20 mL) was 
added vinyldimethylchlorosilane (0.62 mL, 543 mg, 4.49 mmol) at 0˚C under Ar(g). The reaction 
mixture was allowed to warm to room temperature overnight. The reaction was quenched with 
sat. NH4Cl(aq) (10 mL) and extracted with DCM (3 x 10 mL). The combined organic phases was 
dried over MgSO4, filtered, and concentrated in vacuo. The residue was purified by flash 
chromatography on silica gel eluting with 2% Et2O in hexanes to give 466 mg (56%) as a 
colorless oil. 
Rf  = 0.3 (5% EtOAc/hexanes) 
1
H NMR (300 MHz, CDCl3) (mixture of rotamers): δ 7.45-7.42 (m, 1 H), 7.39-7.36 (m, 1 H), 
7.24-7.15 (m, 2 H), 6.18 (dd, J = 20.1, 15.0 Hz, 1 H), 6.02 (dd, J = 15.0, 4.2 Hz, 1 H), 5.81 (dd, J 
= 20.1, 4.2 Hz, 1 H), 4.13-4.03 (m, 1 H), 2.60 (d ABq, JAB = 16.5 Hz, JAX = 5.7 Hz, JBX = 7.2 
Hz, 2 H), 1.34 (d, J = 6.0 Hz, 3 H), 0.23 (s, 6 H)  
13
C NMR (75.4 MHz, CDCl3): δ 137.7, 135.8, 133.28, 133.25, 129.1, 128.6, 126.3, 123.6, 93.0, 
78.9, 67.8, 30.3, 23.4, -1.6  
IR (film): v = 2970, 2234, 1593, 1474 cm
-1
  
187 
 
 
HRMS (ESI): calcd. for C15H19ClOSiNa+ : 301.0755, found: 301.0755. 
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(Z)-3-(1-(2-chlorophenyl)allylidene)-2,2,5-trimethyl-1,2-oxasilolane (3.44l): In an argon-filled 
glovebox, a 50 mL oven dried Schlenk tube equipped with a magnetic stir bar was charged with 
RuHCl(CO)(H2IMes)(PPh3) (11 mg, 0.015 mmol, 0.05 equiv.), ((5-(2-chlorophenyl)pent-4-yn-2-
yl)oxy)dimethyl(vinyl)silane 3.42l  (84.0 mg, 0.30 mmol, 1.0 equiv.) and 1,4-dioxane (1.2 mL). 
The reaction tube was sealed and removed from the glovebox. The reaction mixture was 
saturated with ethylene (g) and subsequently placed under an ethylene atmosphere (balloon). The 
reaction tube was placed in a preheated 100˚C oil bath and monitored by TLC. After 30 min, the 
reaction was allowed to cool to ambient temperature before filtering through a plug of silica 
eluting with DCM. The filtrate was concentrated in vacuo to yield crude oil with crude oil with 
12:1:3 (O:P:Q). Purified by PTLC eluting with 1% Et2O in hexanes to yield 59 mg (70%) of a 
colorless oil. 
Rf = 0.46 (10% diethyl ether/hexanes)  
1
H NMR (300 MHz, CDCl3, mixture of rotamers): δ = 7.40-7.37 (m, 1H), 7.28-7.23 (m, 2H), 
7.13-7.11 (m, 1H), 6.81 (ddd, J = 17.2, 10.5, 2.7 Hz, 1H), 5.20 (d, J = 7.9 Hz, 1H), 4.69 (d, J = 
12.9 Hz, 1H) 4.33-4.25 (m, 0.5H), 4.25-4.17 (m, 0.5H), 3.05 (dd, J = 16.2, 5.2 Hz, 0.5H), 2.94 
(dd, J = 16.2, 5.7 Hz, 0.5H), 2.47 (dd, J = 16.2, 7.1 Hz, 0.5H), 2.30 (dd, J = 16.1, 8.9 Hz, 0.5H), 
1.35 (d, J = 6.1 Hz, 1.5H), 1.32 (d, J = 6.1 Hz, 1.5H), 0.00 (s, 1.5H), -0.08 (s, 1.5H), -0.16 (s, 
1.5H), -0.25 (s, 1.5H); minor isomer diagnostic peaks: δ = 6.49 (dd, J = 16.8, 10.4 Hz, 1H), 
5.07 (d, J = 10.5 Hz, 1H), 4.60 (d, J = 17.0 Hz, 1H), 4.15-4.12 (m, 1H), 0.44 (s, 3H), 0.41 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ = 144.8, 144.6, 144.2, 140.0, 140.0, 134.7, 134.6, 134.2, 134.1, 
132.2, 129.8, 129.6, 129.5, 129.0, 128.6, 126.6, 126.5, 117.6, 117.6, 116.0, 72.8, 72.7, 40.8, 40.3, 
24.2, 24.1, 23.9, 1.1, 0.4, -1.1, -1.9  
IR (film): ν = 2966, 2926, 2876, 1584, 1471, 1436, 1250, 835 cm-1  
Elemental Combustion: Anal. Calcd. for C15H19ClOSi: C 64.61, H 6.87; found: C 64.56, H 6.76 
 
189 
 
 
 
dimethyl((5-(naphthalen-1-yl)pent-4-yn-2-yl)oxy)(vinyl)silane (3.42m)
51,52
: A solution of 4-
pentyne-2-ol (0.47 mL, 421 mg, 5 mmol), 1-bromonaphthalene (0.77 mL, 1.14 g, 5.5 mmol) CuI 
(95 mg, 0.5 mmol), PdCl2(PPh3)2 (175 mg, 0.25 mmol) and Et3N (5 mL) in dry THF (10 mL) 
was degassed by freeze-pump-thaw (3 times) and refluxed under Ar(g) over night. The reaction 
mixture was quenched with sat. NH4Cl(aq) (10 mL), and extracted with Et2O (3 × 20 mL). The 
combined organic layers were washed with brine, dried over MgSO4, filtered and concentrated in 
vacuo. The residue was purified by flash chromatography on silica gel to afford the alcohol (616 
mg, 59%) as an orange oil. To a solution of the alcohol (616 mg, 3 mmol), imidazole (409 mg, 6 
mmol) and DMAP (73 mg, 0.6 mmol) in dry DCM (20 mL) was added 
vinyldimethylchlorosilane (0.62 mL, 543 mg, 4.5 mmol) at 0˚C under Ar(g). The reaction mixture 
was allowed to warm to room temperature overnight. The reaction was quenched with sat. 
NH4Cl(aq) (10 mL) and extracted with DCM (3 x 10 mL). The combined organic phases was 
dried over MgSO4, filtered, and concentrated in vacuo. The residue was purified by flash 
chromatography on silica gel eluting with 5% Et2O in hexanes to give 538 mg (61%) as a 
colorless oil. 
Rf  = 0.3 (5% EtOAc/hexanes) 
1
H NMR (300 MHz, CDCl3) (Mixture of rotamers): δ 8.37-8.33 (m, 1 H), 7.85-7.82 (m, 1 H), 
7.79 (d, J = 8.4 Hz, 1 H), 7.63 (d, J = 7.2 Hz, 1 H), 7.58-7.48 (m, 2 H), 7.40 (dd, J = 8.4, 7.2 Hz, 
1 H), 6.21 (dd, J = 20.1, 15.0 Hz, 1 H), 6.03 (dd, J = 15.0, 4.2 Hz, 1 H), 5.83 (dd, J = 20.1, 4.2 
Hz, 1 H), 4.21-4.10 (m, 1 H), 2.71 (d ABq, JAB = 16.5 Hz, JAX = 5.7 Hz, JBX = 6.9 Hz, 2 H), 
1.38 (d, J = 6.0 Hz, 3 H), 0.25 (s, 6 H)  
 
13
C NMR (75.4 MHz, CDCl3): δ 137.7, 133.3, 133.1, 130.0, 128.2, 128.0, 126.5, 126.3, 126.2, 
125.2, 92.4, 80.0, 67.9, 30.5, 23.5, -1.5, -1.6 IR (film): 2969 (s), 2225 (w), 1587 (s), 1507 (s)  
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HRMS (ESI): calcd. for C19H22OSiNa+ : 317.1332, found: 317.1333. 
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(Z)-2,2,5-trimethyl-3-(1-(naphthalen-1-yl)allylidene)-1,2-oxasilolane (3.44m): In an argon-filled 
glovebox, a 50 mL oven dried Schlenk tube equipped with a magnetic stir bar was charged with 
RuHCl(CO)(H2IMes)(PPh3) (11 mg, 0.015 mmol, 0.05 equiv.), dimethyl((5-(naphthalen-1-
yl)pent-4-yn-2-yl)oxy)(vinyl)silane 3.42m  (87.6 mg, 0.30 mmol, 1.0 equiv.) and 1,4 dioxane 
(1.2 mL). The reaction tube was sealed and removed from the glovebox. The reaction mixture 
was saturated with ethylene (g) and subsequently placed under an ethylene atmosphere (balloon). 
The reaction tube was placed in a preheated 100˚C oil bath and monitored by TLC. After 1h, the 
reaction was allowed to cool to ambient temperature before filtering through a plug of silica 
eluting with DCM.  The filtrate was concentrated in vacuo to yield crude oil with crude oil with 
23:1:5 (O:P:Q). Purified by flash column chromatography eluting with 2% Et2O in hexanes to 
yield 62 mg (71%) of a colorless oil.   
1
H NMR (400 MHz, CDCl3) (mixture of rotamers): δ = 7.84-7.74 (m, 3H), 7.50-7.38 (m, 3H), 
7.24 (dd, J = 1.2, 6.9 Hz, 1H), 7.00 (ddd, J = 3.3, 10.5, 17.2 Hz, 1H), 5.18 (d, J = 10.5 Hz, 1H), 
4.66 (d, J = 2.8, 17.2 Hz, 1H), 4.36-4.19 (m, 1H), 3.11 (ddd, J = 5.2, 16.2, 33.9 Hz, 1H), 2.48 
(ddd, J = 7.4, 16.3, 51.0 Hz, 1H), 1.36 (q, J = 6.0 Hz, 3H), -0.06 (d, J = 37.4 Hz, 3H), -0.79 (d, J 
= 31.2 Hz, 3H); minor diastereromer diagnostic peaks: δ = 6.68 (ddd, J = 3.5, 10.4, 16.9 Hz, 1H), 
4.90 (dd, J = 1.2, 17.3 Hz, 1H), 1.13 (q, 6.1 Hz, 3H), 0.52 (dd, J = 13.9, 15.8 Hz, 6H) 
 
13
C NMR (100 MHz, CDCl3): δ =145.8, 145.6, 145.1, 144.7, 139.1, 139.0, 135.9, 135.8, 133.5, 
133.4, 132.7, 132.6, 128.1, 127.9, 127.8, 127.7, 126.7, 126.7, 125.9, 125.9, 125.2, 125.1, 118.6, 
118.5, 72.8, 72.6, 40.9, 40.5, 24.2, 24.6, 1.0, 0.3, -1.2, -1.9 
 
IR (film): v = 3044, 2965, 1584, 1250, 781 cm
-1 
Elemental Combustion: Anal. Calcd. for  C19H22OSi: Calc: C, 77.50; H, 7.53; found: C, 77.68; 
H, 7.45 
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(S)-Phenylalanol (3.47):  Prepared from (S)-phenylalanine 3.46 according to the literature 
procedure by Meyers.
69
 A flame dried three neck 3 L round bottom flask equipped with a 
mechanical stirrer, a reflux condenser, and a 500 mL addition funnel was charged with L-
phenylalanine 3.46 (100 g, 605 mmol, 1.0 equiv.) and NaBH4 (55.0 g, 1.45 mol, 2.4 equiv.). 
Stirred and degassed with Ar(g). Added THF (1000 mL) and cooled resulting solution to 0˚C in 
an ice water bath. A flame dried 1 L round bottom flask was charged with iodine (154 g, 605 
mmol, 1.0 equiv.) and THF (400 mL). The resulting solution was transferred to the addition 
funnel via cannulae transfer. The iodine solution was added slowly to the reaction over 1 hour 
(addition causes exotherm and releases hydrogen gas). The addition funnel was rinsed with an 
additional 40 mL of THF and added through to the reaction. The reaction was stirred in the bath 
until no more evolution of H2 was visible. The flask was removed from the bath and allowed to 
warm to room temperature. Once the reaction reached room temperature, the reaction was heated 
to reflux overnight. The heating mantle was removed and the reaction was allowed to cool to 
room temperature. MeOH (200 mL) was added slowly to the reaction via addition funnel over 25 
min. The reaction was stirred for an additional 30 min before concentrating in vacuo to provide a 
white paste. The product was then stirred with 20% KOH(aq) (650 mL) using a mechanical stirrer 
for 4h. The reaction was vigorously extracted using DCM (3 x 500 mL) (NOTE: DCM is top 
layer!). The combined organic layers were dried over sodium sulfate and concentrated in vacuo 
to provide a light yellow oil. EtOAc (5 mL) was added and the product was placed in the freezer 
over the weekend, at which point the oil had turned into a white solid. The remaining solvent 
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was removed in vacuo to yield ~115 g of a white paste. The paste was recrystallized from EtOAc 
(240 mL) to provide 65.5g (71%) of the product as white cubes.  
1
H NMR (300 MHz, CDCl3): δ = 7.34-7.18 (m, 5H), 3.66 (dd, 1H, J = 10.5, 3.9 Hz), 3.38 (dd, 
1H, J = 10.5, 7.2 Hz), 3.17-3.08 (m, 1H), 2.80 (dd, J = 13.5, 5.1 Hz, 1H), 2.53 (dd, J = 13.5, 8.7, 
1H), 1.58 (bs, 3H) 
Melting Point: 82-85˚C (lit. m.p.: 88.5-91˚C) 
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 (S)-4-(Phenylmethyl)-2-oxazolidinone (3.48):  Prepared from alcohol 3.47 according to the 
literature procedure by Gage and Evans.
68
 A flame dried 500 mL round bottom flask equipped 
with a magnetic stirring bar and vigreux column was charged with (S)-Phenylalanol 3.47 (64.5 g, 
427 mmol, 1.0 equiv.), K2CO3 (5.9 g, 42.7 mmol, 0.1 equiv.), and diethylcarbonate (108 mL, 896 
mmol, 2.1 equiv.).  A distillation head was attached to the top of the vigreux column with the 
receiving flask submerged in an ice-water bath. The reaction was heated and excess EtOH was 
distilled over. Once about 110 mL of EtOH was collected in the receiving flask, the reaction was 
allowed to cool to room temperature, at which point a yellow solution formed. DCM (200 mL) 
was added and the layers were separated. The DCM layer was dried over MgSO4, filtered and 
concentrated in vacuo to provide ~54.5 g of a white solid. Further extraction from the aqueous 
layer followed by drying over MgSO4 and concentrating in vacuo provided an additional 4.5 g. 
The combined crude white solids were recrystallized from a hot solution of 2:1 EtOAc:hexanes 
(200 mL). After cooling in the freezer overnight, white solid crystals formed and were filtered 
through a coarse fritted funnel to provide 41 g (54%) of the product as white plates. 
1
H NMR (300 MHz, CDCl3): δ = 7.37-7.26 (m, 3H), 7.19-7.17 (m, 2H), 5.41 (bs, 1H) , 4.46 (t, J 
=8.06 Hz, 1H), 4.18-4.04 (m, 2H), 2.87 (d, J = 5.1 Hz, 2H) 
Melting Point: 84-86.5˚C (lit. m.p.: 84.5-86.5˚C)  
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 (S)-3-(1-Oxopropyl)-4-(phenylmethyl)-2-oxazolidinone (3.49):  Prepared according to 
literature procedure by Gage and Evans.
67
 A flame dried 2 L round bottom flask equipped with a 
magnetic stirring bar and addition funnel was charged with (S)-4-(Phenylmethyl)-2-
oxazolidinone 3.48 (41.0 g, 232 mmol, 1.0 equiv.) and THF (700 mL). The solution was cooled 
to -78˚C in dry ice-acetone bath. nBuLi was added to the addition funnel via cannulae transfer. 
nBuLi was added to the stirring solution slowly over 10 minutes. The resulting reaction was 
stirred for an additional 10 minutes. Freshly distilled propionyl chloride (20.9 mL, 232 mmol, 
1.0 equiv.) was added in a single portion and the resulting reaction was stirred in the bath for 30 
min. TLC analysis still showed presence of starting material. Another portion of propionyl 
chloride (4.0 mL, 44.4 mmol) was added and the reaction was stirred for an additional 10 min. 
TLC showed consumption of reaction. The reaction vessel was removed from the bath and 
allowed to warm to room temperature over 20 min. The reaction was quenched by slow addition 
of NH4Cl(aq) (150 mL). Organic solvents were removed in vacuo to provide a slurry. Extracted 
from the slurry using DCM (2 x 120 mL), washed combined organics with 1M NaOH(aq) (100 
mL), then brine. The resulting organics were dried over MgSO4, filtered and concentrated in 
vacuo to provide a light yellow oil. The oil was placed in the freezer overnight to form crystals. 
The crystals were filtered through a coarse fritted funnel and then crushed in a mortar to form a 
saucy yellow substance. Hexanes were added and the resulting solid was filtered to provide 9.3 g 
of crystals. The filtrate was concentrated down in vacuo to provide more solid. Hexanes was 
added and the solid was filtered to provide 27.8 g of product. The mother liquor was 
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concentrated down again and hexanes were added and filtered to provide an additional 2.75 g of 
product. Overall, 39.9 g (74%) of the product was obtained as colorless needles. 
Rf = 0.58 (25% ethyl acetate/hexane)  
1
H NMR (300 MHz, CDCl3): δ = 7.37-7.20 (m, 5H), 4.72-4.64 (m, 1H), 4.24-4.13 (m, 2H), 3.31 
(dd, J = 13.3, 3.0 Hz, 1H), 3.05-2.88 (m, 2H), 2.77 (dd, J = 13.5, 9.6 Hz, 1H), 1.21 (t, J = 7.5 Hz, 
3H). 
Melting Point: 42-44˚C (lit. m.p.: 44-46˚C) 
 
  
197 
 
 
 
(S)-4-benzyl-3-((2R,3S)-3-hydroxy-2-methyl-3-phenylpropanoyl)oxazolidin-2-one (3.50a) 
was synthesized according to literature procedure by Evans et al.
71
 To a flame dried 250 mL 
round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was sequentially 
added oxazolidinone 3.49 (4.67 g, 20 mmol, 1.0 equiv.), ethyl acetate (40 mL), magnesium 
chloride (380 mg, 4.0 mmol, 0.2 equiv.), triethylamine (5.6 mL, 40 mmol, 2.0 equiv.), 
benzaldehyde (2.6 mL, 24 mmol, 1.2 equiv.), and chlorotrimethylsilane (3.8 mL, 30 mmol, 1.5 
equiv.). The resulting reaction was stirred at room temperature for 24h before filtering through a 
plug of silica gel (7.5cm x 3cm) eluting with diethyl ether (250 mL). The filtrate was 
concentrated in vacuo to yield a light yellow oil. The oil was dissolved in methanol (50 mL) and 
trifluoroacetic acid (0.5 mL) was added. After stirring for 1h, the reaction was concentrated in 
vacuo to provide a pale yellow oil. The oil was dissolved in DCM (10 mL) and layered with 
hexanes (50mL). It was placed in the freezer to provide 6.1 g (90%) as colorless crystals. 
Rf = 0.67 (30% EtOAc/hexanes) 
Diasteromeric Ratio = 20:1 (desired isomer : Σ other diastereomers)  
1
H NMR (300 MHz, CDCl3): δ = 7.46-7.28 (m, 8 H), 7.17 (m, 2H), 4.83 (d, J = 8.1 Hz, 1H), 
4.72-4.67 (m, 1H), 4.38-4.33 (m, 1H), 4.23-4.12 (m, 2H), 3.22-3.14 (m, 2H), 2.67 (dd, J = 4.2, 
9.3 Hz, 1H), 1.11 (d, J = 6.9 Hz, 1H) 
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(S)-4-benzyl-3-((2R,3R,E)-3-hydroxy-2-methyl-5-phenylpent-4-enoyl)oxazolidin-2-one 
(3.50b) was synthesized according to literature procedure by Evans et al.
71
 To a flame dried 250 
mL round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was sequentially 
added oxazolidinone 3.49 (4.67 g, 20 mmol, 1.0 equiv.), ethyl acetate (100 mL), magnesium 
chloride (380 mg, 4.0 mmol, 0.2 equiv.), sodium hexafluoroantimonate(V) (1.55 g, 6.0 mmol, 
0.3 equiv.), triethylamine (5.6 mL, 40 mmol, 2.0 equiv.), cinnamaldehyde (3.02 mL, 24 mmol, 
1.2 equiv.), and chlorotrimethylsilane (3.8 mL, 30 mmol, 1.5 equiv.). The resulting reaction was 
stirred at room temperature for 24h before filtering through a plug of silica gel (7.5cm x 3cm) 
eluting with diethyl ether (250 mL). The filtrate was concentrated in vacuo to yield a light yellow 
oil. The oil was dissolved in methanol (50 mL) and trifluoroacetic acid (0.5 mL) was added. 
After stirring for 1h, the reaction was concentrated in vacuo to provide a pale yellow oil. The oil 
was dissolved in DCM (50 mL) and layered with hexanes (200mL). It was placed in the freezer 
to give 5.19 g (71%) as white crystals. 
Rf = 0.44 (20% EtOAc/hexanes) 
Diasteromeric Ratio = 20:1 (desired isomer : Σ other diastereomers)  
1
H NMR (300 MHz, CDCl3): δ = 7.41-7.18 (m, 10H), 6.67 (d, J = 15.9 Hz, 1H), 6.29 (dd, J = 
6.6, 15.9 Hz, 1H), 4.70 (dddd, J = 3.3, 3.6, 5.4, 12.9 Hz, 1H), 4.47 (t, J = 7.5 Hz, 1H), 4.23-4.08 
(m, 3H), 3.28 (dd, J = 3.3, 13.5 Hz, 1H), 2.79 (m, 1H), 2.71 (dd, J = 9.6, 13.8 Hz, 1H), 1.25 (d, J 
= 6.9 Hz, 3H). 
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(S)-4-benzyl-3-((2R,3S)-3-hydroxy-2-methyl-3-(4-nitrophenyl)propanoyl)oxazolidin-2-one 
(3.50c) was synthesized according to literature procedure by Evans et al.
71
 To a flame dried 250 
mL round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was sequentially 
added oxazolidinone 3.49 (4.67 g, 20 mmol, 1.0 equiv.), ethyl acetate (40 mL), magnesium 
chloride (380 mg, 4.0 mmol, 0.2 equiv.), sodium hexafluoroantimonate(V) (1.55 g, 6.0 mmol, 
0.3 equiv.), triethylamine (5.6 mL, 40 mmol, 2.0 equiv.), p-nitrobenzaldehyde (3.6 g, 24 mmol, 
1.2 equiv.), and chlorotrimethylsilane (3.8 mL, 30 mmol, 1.5 equiv.). The resulting reaction was 
stirred at room temperature for 24h before filtering through a plug of silica gel (7.5cm x 3cm) 
eluting with diethyl ether (250 mL). The filtrate was concentrated in vacuo to yield a light yellow 
oil. The oil was dissolved in methanol (50 mL) and trifluoroacetic acid (0.5 mL) was added. 
After stirring for 1h, the reaction was concentrated in vacuo to provide a pale yellow oil. The oil 
was dissolved in DCM (50 mL) and layered with hexanes (200 mL). It was placed in the freezer 
to give 3.9 g (51%) as a colorless oil. 
Rf = 0.35 (20% EtOAc/hexanes) 
Diasteromeric Ratio = 10:1 (desired isomer : Σ other diastereomers)  
1
H NMR (300 MHz, CDCl3): δ = 8.26 (d, J = 8.7 Hz, 2H), 7.64 (d, J = 8.7 Hz, 2H), 7.34-7.29 
(m, 3H), 7.13-7.10 (m, 2H), 4.93 (t, J = 7.5 Hz, 1H), 4.72-4.64 (m, 1H), 4.36-4.14 (m, 3H), 3.50 
(d, J = 7.8 Hz, 1H), 3.15 (dd, J = 3.6, 13.5 Hz, 1H), 2.65 (dd, J = 9, 13.5 Hz, 1H), 1.20 (d, J = 
6.9 Hz, 3H).  
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(S)-4-benzyl-3-((2R,3S)-3-(4-(dimethylamino)phenyl)-3-hydroxy-2-methylpropanoyl) 
oxazolidin-2-one (3.50d): To a flame dried 250 mL round bottom flask cooled under Ar(g) and 
equipped with a magnetic stir bar was sequentially added oxazolidinone 3.49 (9.34 g, 40 mmol, 
1.0 equiv.) ethyl acetate (80 mL), magnesium chloride (760 mg, 8 mmol, 0.2 equiv), 
triethylamine (11.2 mL, 80 mmol, 2.0 equiv), p-dimethylaminobenzaldehyde (7.16 g, 48 mmol, 
1.2 equiv.), and trimethylsilyl chloride (7.5 mL, 60 mmol, 1.5 equiv.). The resulting reaction was 
stirred at room temperature for 22h before filtering through a plug of silica gel (7.5cm x 3cm) 
eluting with diethyl ether (500 mL). The filtrate was concentrated in vacuo to yield a light yellow 
oil. The oil was dissolved in methanol (100 mL) and trifluoroacetic acid (1 mL) was added. After 
stirring for 1h a colorless precipitate began to form. The precipitate was filtered to yield 7.5 g 
(49%) as colorless crystals.   
Rf = 0.45 (20% EtOAc/hexanes) 
Diasteromeric Ratio = 10:1 (desired isomer : Σ other diastereomers)  
1
H NMR (300 MHz, CDCl3): δ = 7.38-7.21 (m, 7H), 6.73 (d, J = 8.7 Hz, 2H), 4.81-4.73 (m, 
1H), 4.34-4.14 (m, 4H), 3. 35 (dd, J = 3.6, 13.5 Hz, 1H), 2.97 (s, 6H), 2.81 (dd, J = 9.6, 13.5 Hz, 
1H) 0.90 (d, J = 6.6 Hz, 3H) 
13
C NMR (75 MHz, CDCl3): δ = 177.2, 153.7, 150.9, 136.1, 129.9, 129.4, 129.3, 127.6, 126.8, 
112.6, 87.4, 66.1, 56.7, 55.7, 44.3, 40.9, 38.0, 14.6. IR: v = 2977, 2930, 2818, 1781, 1699, 1613, 
1524, 1384, 1212, 1096 
Elemental Combustion: Anal. Calcd. for C22H26N2O4: C, 69.09; H, 6.85; N, 7.32; found: C, 
69.26; H, 6.81; N, 7.25. 
[α]D
23
 λ 589 nm (c 0.99, CHCl3): -79.3 
Melting Point = 156-162˚C 
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(S)-4-benzyl-3-((2R,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-
phenylpropanoyl)oxazolidin-2-one:  This procedure was adopted from literature.
106
 To a flame 
dried round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was added 
aldol-adduct  3.50a (6.0 g, 17.7 mmol, 1.0 equiv.) and DCM (30 mL). The reaction was cooled 
to <0˚C in a brine/ice bath, before 2,6-lutidine (3.1 mL, 26.5 mmol, 1.5 equiv.) and tert-
butyldimethylsilyl triflate (4.89 mL, 21.2 mmol, 1.2 equiv.) were added sequentially via syringe.  
The reaction mixture was stirred in the cooling bath until judged complete by TLC analysis. 
After 15h, the reaction mixture was diluted with pentane (30 mL) and washed with water and 
brine. The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo to 
yield 5.8 g (73%) of a colorless oil, which was used without further purification. 
Rf = 0.51 (20% EtOAc/hexanes) 
Diastereomeric Ratio = 30:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 7.39-7.27 (m, 10 H), 4.93 (d, J = 9.3 Hz, 1H), 4.73-4.67 (m, 
1H), 4.28-4.13 (m, 3H), 3.48 (dd, J = 3, 13.2 Hz, 1H), 2.71 (dd, J = 2.7 10.5 Hz, 1H), 0.85 (d, J 
= 7.2 Hz, 3H), 0.79 (s, 9H), -0.01 (s, 3H), -0.28 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ = 176.3, 153.6, 142.8, 136.1, 129.8, 129.4, 128.5, 128.3, 128.0, 
127.7, 78.1, 66.2, 56.0, 46.7, 38.8, 26.2, 18.5, 15.1, -4.2, -4.5 
IR (film): v = 3031, 2930, 2857, 1786, 1700, 1384, 1071, 837 cm
-1 
 
 
202 
 
 
 
(2S,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-phenylpropan-1-ol (3.51a): To a flame 
dried round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was added (S)-
4-benzyl-3-((2R,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-phenylpropanoyl)oxazolidin-2-
one (5.8 g, 12.8 mmol, 1.0 equiv.) and a 30:1 solution of THF:methanol (128 mL). A solution of 
NaBH4 (4.84 g, 128 mmol, 10 equiv.) in water (39 mL) was added to the reaction. The reaction 
was stirred at room temperature for 18h before extracting with ethyl acetate (3 x 50 mL). The 
combined organic extracts were washed with brine, dried over Na2SO4, concentrated in vacuo 
yield 1.8 g (50%) of an oil. 
Rf = 0.21 (10% EtOAc/hexanes) 
Diastereomeric Ratio = 30:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 7.35-7.23 (m, 5H), 4.56 (d, J = 6.9 Hz, 1H), 3.72-3.56 (m, 
2H), 2.93 (dd, J = 1.5, 5.1 Hz, 1H), 1.97-1.89 (m, 1H), 0.89 (s, 9H), 0.86 (d, J = 2.3Hz, 3H), 0.04 
(s, 2H), 0.26 (s, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 143.5, 128.1, 127.4, 126.7, 80.7, 66.1, 43.1, 25.9, 18.1, 
14.2, -4.5, -5.1; IR: v = 3348, 2955, 2930, 2857, 1645, 1538, 1070, 701 
  
203 
 
 
 
(S)-4-benzyl-3-((2R,3R,E)-3-(tert-butyldimethylsilyloxy)-2-methyl-5-phenylpent-4-
enoyl)oxazolidin-2-one: This procedure was adopted from literature.
106
 To a flame dried round 
bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was added aldol-adduct 
3.50a (13.0 g, 36 mmol, 1.0 equiv.) and DCM (75 mL). The reaction was cooled to <0˚C in a 
brine/ice bath, before 2,6-lutidine (6.23 mL, 53.8 mmol, 1.5 equiv.) and tert-butyldimethylsilyl 
triflate (14.9 mL, 64.5 mmol, 1.2 equiv.) were added sequentially via syringe. The reaction 
mixture was stirred in the cooling bath until judged complete by TLC analysis. After 5h, the 
reaction mixture was diluted with pentane (75 mL) and washed with water and brine. The 
organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo to yield 9.7 g 
(56%) of a colorless oil, which was used without further purification. 
Rf = 0.53 (20% EtOAc/hexanes) 
Diastereomeric Ratio = 20:1 (desired isomer : Σ other diastereomers)  
1
H NMR (300 MHz, CDCl3): δ = 7.40-7.38 (m, 10 H), 6.55 (d, J = 15.9 Hz, 1H), 6.15 (dd, J = 
6.6, 15.9 Hz, 1H), 4.77-4.65 (m, 2H), 4.17-4.09 (m, 3H), 3.40 (dd, J = 3.3, 13.5 Hz, 1H), 2.67 
(dd, J = 9.6, 13.8 Hz, 1H), 1.11 (d, J =6.9 Hz, 3H), 0.86 (s, 9H), 0.09 (s, 3H), 0.05 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ = 175.4, 153.3, 136.7, 135.7, 132.3, 130.4, 129.5, 129.1, 128.8, 
127.9, 127.4, 126.6, 76.0, 66.0, 55.5, 44.7, 38.7, 38.4, 26.0, 25.8, 18.3, 14.1, -3.8, -4.4 
IR (film): v = 3028, 2955, 2930, 2857, 1783, 1702, 1386, 970 cm
-1 
204 
 
 
 
(2S,3R,E)-3-(tert-butyldimethylsilyloxy)-2-methyl-5-phenylpent-4-en-1-ol (3.51b): To a 
flame dried round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was 
added (S)-4-benzyl-3-((2R,3R,E)-3-(tert-butyldimethylsilyloxy)-2-methyl-5-phenylpent-4-
enoyl)oxazolidin-2-one (3.0 g, 6.3 mmol, 1.0 equiv.) and a 30:1 solution of THF:methanol (63 
mL). A solution of sodium borohydride (2.27 g, 63 mmol, 10 equiv.) in water (19 mL) was 
added to the reaction. The reaction was stirred at room temperature for 3h before extracting with 
ethyl acetate (3 x 25 mL). Combined organic extracts were washed with brine, dried over sodium 
sulfate, concentrated in vacuo to yield an oil. Purified by column chromatography eluting with 
5% EtOAc in hexanes to yield 1.6 g (84%) of a colorless oil.  
Rf = 0.35 (10% EtOAc/hexanes) 
Diastereomeric Ratio = 20:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 7.40-7.23 (m, 5H), 6.50 (d, J = 16.2 Hz, 1H), 6.18 (dd, J = 7.2, 
15.9 Hz, 1H), 4.24 (t, J = 6.9 Hz, 1H), 3.81-3.74 (m, 1H), 3.66-3.58 (m, 1H), 2.77 (t, J = 5.4 Hz, 
1H), 1.87-1.79 (m, 1H), 0.97 (d, J = 7.2 Hz, 3H), 0.93 (s, 9H), 0.12 (s, 3H), 0.06 (s, 3H) 
13
C NMR (75 MHz, CDCl3): δ = 136.8, 131.6, 130.9, 128.7, 127.8, 126.5, 79.2, 66.2, 41.4, 26.0, 
18.2, 14.1, -3.8, -4.8.  
IR (film): v = 2957, 2930, 2857, 1472, 1254, 1058, 835 cm
-1 
Elemental Combustion: Anal. Calcd. for C18H30O2Si: C, 70.53; H, 9.87; found: C, 70.61; H, 
9.82 
  
205 
 
 
 
 
(S)-4-benzyl-3-((2R,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-(4-nitrophenyl) 
propanoyl)oxazolidin-2-one: This procedure was adopted from literature.
106
 To a flame dried 
round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was added aldol-
adduct 3.50a (1.0 g, 2.6 mmol, 1.0 equiv.) and DCM (5 mL). The reaction was cooled to <0˚C in 
a brine/ice bath, before 2,6-lutidine (0.45 mL, 3.9 mmol, 1.5 equiv.) and tert-butyldimethylsilyl 
triflate (0.71 mL, 3.1 mmol, 1.2 equiv.) were added sequentially via syringe. The reaction 
mixture was stirred in the cooling bath until judged complete by TLC analysis. After 20h, the 
reaction mixture was diluted with pentane (5 mL) and washed with water and brine. The organic 
layer was dried over sodium sulfate, filtered, and concentrated in vacuo to yield crude oil. The 
oil was purified by column chromatography eluting with 5% EtOAc in hexanes to yield 767 mg 
(60%) of a white solid.  
Rf = 0.56 (30% EtOAc/hexanes) 
Diastereomeric Ratio = 20:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 8.22 (d, J = 8.7 Hz, 2H), 7.57 (d, J = 8.7 Hz, 2H), 7.39-7.28 
(m, 5H), 5.06 (d, J = 9 Hz, 1H), 4.72-4.67 (m, 1H), 4.28-4.16 (m, 3H), 3.47 (dd, J =3.3, 13.5 Hz, 
1H), 2.70 (dd, J = 3, 10.2 Hz, 1H), 0.87 (d, J =7.2 Hz, 3H), 0.81 (s, 9H), 0.04 (s, 3H), -0.26 (s, 
3H) 
13
C NMR (75 MHz, CDCl3): δ = 175.1, 153.3, 150.1, 147.8, 135.5, 129.5, 129.2, 128.5, 127.5, 
123.7, 76.6, 66.1, 55.7, 46.3, 38.5, 25.8, 18.1, 14.5, -4.4, -4.8 
IR (film): v = 3124, 2930, 2857, 1782, 1701, 1524, 1348, 838 cm
-1 
Elemental Combustion: Anal. Calcd. for C26H34N2O6Si: C, 62.63; H, 6.87; N, 5.62; found: C, 
62.62; H, 6.71; N, 5.60. 
206 
 
 
Melting Point = 162-164˚C 
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(2S,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-(4-nitrophenyl)propan-1-ol (3.51c):  To a 
flame dried round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was 
added (S)-4-benzyl-3-((2R,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-(4-nitrophenyl) 
propanoyl)oxazolidin-2-one (4.98 g, 10 mmol, 1.0 equiv.) and a 30:1 solution of THF:methanol 
(100 mL). A solution of sodium borohydride (3.63 g, 96 mmol, 10 equiv.) in water (29 mL) was 
added to the reaction. The reaction was stirred at room temperature for 3h before extracting with 
ethyl acetate (3 x 50 mL). Combined organic extracts were washed with brine, dried over sodium 
sulfate, concentrated in vacuo to yield 2.3 g (71%) of a colorless oil. 
Rf = 0.71 (30% EtOAc/hexanes) 
Diastereomeric Ratio = 20:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 8.21 (d, J = 8.7 Hz, 2H), 7.49 (d, J = 9 Hz, 2H), 4.72 (d, J = 
6.6 Hz, 1 H), 3.71-3.53 (m, 2H), 2.36 (t, J = 5.4 Hz, 1H), 1.97-1.89 (m, 1H), 0.89 (s, 9H), 0.86 
(d, J = 7.2 Hz, 3H), 0.08 (s, 3H), -0.22 (s, 3H) IR: v = 2956, 2931, 2858, 1606, 1523, 1348, 1084, 
839. 
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(2R,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-phenylpropanal (3.52a): Procedure 
adapted from literature. 
107
 To a flame dried round bottom flask cooled under Ar(g) and equipped 
with a magnetic stirrer was added dimethylsulfoxide (8.5 mL, 120 mmol, 8.0 equiv.) and DCM 
(86 mL). The solution was cooled to -78˚C in a dry ice/acetone bath. A solution of oxalyl 
chloride (5.4 mL, 64 mmol, 4.0 equiv.) in DCM (91 mL) was added and the resulting solution 
was stirred for 15 min. A solution of alcohol  3.51a (4.5 g, 16 mmol, 1.0 equiv.) in DCM (46 
mL) was added and the reaction stirred for 45 min at -78˚C. Triethylamine (22.4 mL, 160 mmol, 
10 equiv.) was added and the resulting reaction stirred for an additional 15 min before placing in 
an ice-water bath. A 1:10 water: DCM (100 mL) mixture was added to the reaction. The layers 
were separated and the aqueous layer was extracted three times with DCM. Combined organic 
layers were washed with saturated sodium bicarbonate(aq), dried over magnesium sulfate, filtered, 
and concentrated in vacuo to yield 4.0 g (88%) as a light yellow oil.  
Rf = 0.57 (10% EtOAc/hexanes) 
Diasteromeric Ratio = 17:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ =9.81 (d, J = 2.7 Hz, 1H), 7.32-7.26 (m, 5H), 4.76 (d, J = 7.5 
Hz, 1H), 2.75- 2.65 (m, 1H), 0.88 (d, J = 6.9 Hz, 3H),  0.85 (s, 9H), 0.01 (s, 3H), -0.25 (s, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 204.5, 142.3, 128.4, 127.9, 126.8, 76.9, 54.6, 25.8, 18.1, 
11.2, -4.4, -5.5 
IR (film): v =2957, 2931, 1715, 1461, 1257, 1089, 838 cm
-1 
Elemental Combustion: Anal. Calcd. for C16H26O2Si: C, 69.01; H, 9.41; found: C, 69.24; H, 
9.14. 
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(2R,3R,E)-3-(tert-butyldimethylsilyloxy)-2-methyl-5-phenylpent-4-enal (3.52b): Procedure 
adapted from literature.
108
 To a flame dried round bottom flask cooled under Ar(g) and equipped 
with a magnetic stirrer was added alcohol 3.51b (1.23 g, 4.0 mmol, 1.0 equiv.) and DCM (20 
mL). Dess-Martin periodinane (2.54 g, 6.0 mmol, 1.5 equiv.) was added and the resulting 
reaction was stirred at room temperature for 3h. The reaction was quenched using a 1:1 solution 
(10 mL) of saturated Na2S2O3 (aq) and saturated NaHCO3 (aq). The solution was then extracted with 
DCM (3 x 20 mL), dried over sodium sulfate, filtered and concentrated in vacuo to yield the 
crude product. The crude product was purified by column chromatography (5% ethyl 
acetate/hexanes) to yield 0.88 g (72%) as a light yellow oil. 
Rf = 0.69 (10% EtOAc/ hexanes) 
Diastereomeric Ratio = 18:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 9.80 (d, J = 2.4 Hz, 1H), 7.40 – 7.24 (m, 5H), 6.56 (d, J = 15.9 
Hz, 1H), 6.16 (dd, J = 7.2, 15,9 Hz, 1H), 4.47 (t, J = 7.2 Hz, 1H), 2.63-2.53 (m, 1H), 1.07 (d, J = 
7.2 Hz), 0.89 (s, 9H), 0.08 (s, 3H), 0.04 (s, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 204.5, 136.5, 131.7, 130.3, 128.8, 128.0, 126.7, 75.4, 
53.0, 25.9, 18.3, 10.8, -3.8, -4.8 
IR (film): v = 2957, 2931, 2857, 1730, 1472, 1254, 1065, 837 cm
-1 
Elemental Combustion: Anal. Calcd. for C18H28O2Si: C, 71.00; H, 9.27; found: C, 71.28; H, 
9.17. 
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(2R,3S)-3-(tert-butyldimethylsilyloxy)-2-methyl-3-(4-nitrophenyl)propanal (3.52c): 
Procedure adapted from literature.
107
 To a flame dried round bottom flask cooled under Ar(g) and 
equipped with a magnetic stirrer was added dimethylsulfoxide (1.92 mL, 27 mmol, 8.0 equiv.) 
and DCM (20 mL). The solution was cooled to -78˚C in a dry ice/acetone bath. A solution of 
oxalyl chloride (1.18 mL, 14.0 mmol, 4.0 equiv.) in DCM (20 mL) was added and the resulting 
solution was stirred for 15 minutes. A solution of alcohol 3.51a (1.0 g, 3.5 mmol, 1.0 equiv.) in 
DCM (10 mL) was added and the reaction stirred for 45 min at -78˚C. Triethylamine (4.9 mL, 35 
mmol, 10 equiv.) was added and the resulting reaction stirred for an additional 15 min before 
allowing to warm to 0˚C in an ice-water bath. A 1:10 water:DCM mixture was added to the 
reaction. The layers were separated and the aqueous layer was extracted three times with DCM. 
Combined organic layers were washed with saturated sodium bicarbonate(aq), dried over 
magnesium sulfate, filtered, and concentrated to yield 1.06 g (94%) as a light yellow oil. 
Rf = 0.73 (30% EtOAc/ hexanes) 
Diastereomeric Ratio = 10:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 9.78 (d, 2.4 Hz, 1H), 8.22 (d, J = 8.7 Hz, 1H), 7.50 (d, J = 9 
Hz, 1H), 4.92 (d, J = 7.2 Hz, 1H), 2.73--2.65 (m, 1H), 0.93 (d, J = 6.9 Hz, 3H), 0.86 (s, 9H), 0.05 
(s, 3H), -0.22 (s, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 203.1, 149.8, 147.6, 127.5, 127.1, 123.7, 123.5, 75.6, 
54.3, 25.6, 18.0, 10.9, -4.5, -5.2.  
 
 
 
211 
 
 
 
dimethyl (2-oxopropyl)phosphonate (3.58): To a flame dried 500 mL round bottom flask 
cooled under Ar(g) and equipped with a mechanical stirrer was added acetone (60 mL), KI (66.4 
g, 400 mmol, 1.0 equiv.), acetonitrile (30 mL), and chloroacetone 3.57 (35 mL, 400 mmol, 1.0 
equiv.). The resulting slurry was stirred for one hour at room temperature. Cooled reaction to 0˚C 
in ice-H2O bath and then slowly added trimethyl phosphite (43 mL, 400 mmol, 1.0 equiv.). The 
reaction was allowed to stir in bath overnight. Filtered off solids and concentrated down filtrate 
to yield an orange oil. The oil was purified by distillation using a vigreux column (product 
distilled at 90˚C) to give 31.8g (48%) of product as a clear oil. 
1
H NMR (300 MHz, CDCl3): δ = 3.79-3.76 (m, 6H), 3.11 (d, J = 2.5 Hz, 1H), 3.07 (d, J = 2.5 
Hz, 1H), 2.31 (s, 3H) 
  
212 
 
 
 
dimethyl (1-diazo-2-oxopropyl)phosphonate (3.59): To a flame dried 250 mL round bottom 
flask was added sodium hydride (420 mg, 10.5 mmol, 1.05 equiv.) and benzene (30 mL) and 
THF (5 mL). The solution was cooled to to 0˚C in ice-H2O bath. A solution of dimethyl (2-
oxopropyl)phosphonate 3.58 (1.66 g, 10.0 mmol, 1.0 equiv.) and benzene (10 mL) was added. 
After stirring for 1 hour, a solution of tosyl azide (2.07g, 1.6 mL, 10.5 mmol, 1.05 equiv.) in 
THF (5 mL) and stirred for 5h Diluted with hexanes and filtered through a pad of Celite washing 
through with EtOAc. The filtrate was concentrated down to provide 1.34 g (70%) of product as a 
yellow oil. A yield of 88% was obtained when the reaction was run on a 0.1 mmol scale. 
Alternative procedure: A 200 mL round bottom flask was charged with dimethyl (2-
oxopropyl)phosphonate 3.58 (1.66 g, 10 mmol, 1.0 equiv.), THF (33 mL) and PhH (33 mL). The 
solution was cooled to 0 ˚C in an ice-H2O bath. Added sodium hydride (0.52 g, 13 mmol, 1.3 
equiv.) and stirred for 1.5h in bath. Added p-ABSA and the reaction was removed from the ice 
bath and stirred at room temperature for 48h. Filtered off solids and washed through filtrated 
with Et2O. Tthe filtrate was concentrated in vacuo to provide an orange oil. Added 20 mL of a 
1:1 EtOAc:hexanes solution to precipitate residual sulfonamide. Filtered off solids and 
concentrated down filtrate. Purified filtrate by flash column chromatography (3.5 cm x 7 cm) 
eluting with 75-100% EtOAc in hexanes to yield 1.15g (60%) as a yellow oil. 
1
H NMR (300 MHz, CDCl3): δ = 3.87 (s, 3H), 3.83 (s, 3H), 2.27 (s, 3H) 
 
213 
 
 
 
tert-Butyldimethyl((1S,2S)-2-methyl-1-phenylbut-3-ynyloxy)silane (3.60a): To a flame dried 
round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was added sodium 
methoxide (184 mg, 3.4 mmol, 1.9 equiv.) and THF (6 mL).  The solution was cooled to -78˚C in 
a dry ice-acetone bath. A solution of diazophosphonate 3.59 (691 mg, 3.6 mmol, 2.0 equiv.) in 
THF (2 mL) was added and the resulting reaction was stirred for 15 minutes. A solution of 
aldehyde 3.52a (500 mg, 1.8 mmol, 1.0 equiv.) in THF (2 mL) was added and the resulting 
reaction was stirred and allowed to warm to room temperature overnight. The reaction was 
quenched with saturated NH4Cl(aq), extracted with diethyl ether (3 x 10 mL). Combined organics 
were washed with brine, dried over sodium sulfate, filtered and concentrated in vacuo to yield 
about 900 mg of an orange oil. The oil was purified by column chromatography, eluting with 
2.5% ethyl acetate in hexanes, to yield 348 mg (71%) as a colorless oil. 
Rf = 0.87 (10% EtOAc/ hexanes) 
Diastereomeric Ratio = 15:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 7.36-7.23 (m, 5H), 4.60 (d, J = 6 Hz, 1H), 2.78-2.68 (m, 1H), 
2.07 (d, J = 2.4 Hz, 1H), 1.01 (d, J = 6.9 Hz, 1H), 0.88 (s, 9H), 0.06 (s, 3H), -0.15 (s, 1H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 142.4, 127.9, 127.6, 127.1, 86.9, 77.8, 70.1, 35.5, 25.9, 
18.4, 16.7, -4.6, -4.9 
IR (film): v = 3299, 2927, 2855, 1455, 1030, 702 cm
-1 
Elemental Combustion: Anal. Calcd. for C17H26OSi: C, 74.39; H, 9.55; found: C, 74.71; H, 
9.53. 
 
214 
 
 
 
tert-Butyldimethyl((1S,2S)-2-methyl-1-(4-nitrophenyl)but-3-ynyloxy)silane (3.60c): To a 
flame dried round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was 
added sodium methoxide (67 mg, 1.24 mmol, 4.0 equiv.) and THF (6 mL).  The solution was 
cooled to -78˚C in a dry ice-acetone bath. A solution of diazophosphonate 3.59 (238 mg, 1.24 
mmol, 4.0 equiv.) in THF (2 mL) was added and the resulting reaction was stirred for 15 
minutes. A solution of aldehyde 3.52c (100 mg, 0.31 mmol, 1.0 equiv.) in THF (2 mL) was 
added and the resulting reaction was stirred for 7h. The reaction was allowed to warm to room 
temperature and quenched with saturated ammonium chloride(aq), extracted with diethyl ether (3 
x 10 mL). Combined organics were washed with brine, dried over sodium sulfate, filtered, and 
concentrated in vacuo to yield 120 mg of an orange oil. The oil was purified by column 
chromatography, eluted with 2.5% ethyl acetate in hexanes, to yield 47 mg (48%) as a clear oil.  
Rf = 0.73 (30% EtOAc/ hexanes) 
Diastereomeric Ratio = 10:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ =8.19 (d, J = 8.7 Hz, 2H), 7.56 (d, J = 8.7 Hz, 2H), 4.78 (d, J = 
5.1 Hz, 1H), 2.82-2.72 (m, 1H), 2.10 (d, J = 2.4 Hz, 1H), 1.07 (d, J = 6.9 Hz, 3H), 0.90 (s, 9H), 
0.08 (s, 3H), -0.12 (s, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 149.5, 147.6, 127.9, 123.1, 85.3, 71.3, 35.0, 25.9, 18.3, 
16.0, -4.6, -4.9 
IR (film): v = 3309, 2956, 2931, 2858, 1524, 1348, 1090, 870 cm
-1 
Elemental Combustion: Anal. Calcd. for C17H25NO3Si: C, 63.91; H, 7.89; N, 4.38; found: C, 
64.24; H, 7.80; N, 4.46. 
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(1S,2S)-2-methyl-1-phenylbut-3-yn-1-ol (3.61a): To a 50 mL round bottom flask under Ar(g) 
was added alkyne 3.60a (280 mg, 1.02 mmol, 1.0 equiv.) and THF (12 mL). Tetra-n-
butylammonium fluoride tri-hydrate (533 mg, 2.04 mmol, 2.0 equiv.) was added to the solution 
and reaction was stirred for 3h. The reaction was quenched with NH4Cl(aq) (5 mL), extracted with 
diethyl ether (3 x 15mL), and washed with brine. The organics were dried over sodium sulfate, 
filtered, and concentrated in vacuo to yield a yellow oil. Purification by column chromatography 
yielded 132 mg (81%) as a colorless oil. 
Rf = 0.19 (10% EtOAc/ hexanes) 
Diastereomeric Ratio = 15:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 7.38-7.26 (m, 5H), 4.52 (dd, J = 3.8, 7 Hz, 1H), 2.86-2.76 (m, 
1H), 2.49 (d, J = 3.8 Hz, 1H), 2.22 (d, J = 2.4 Hz, 1H), 1.11 (d, J = 7 Hz, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 141.4, 128.5, 128.2, 126.7, 85.6, 77.5, 71.4, 35.2, 17.5 
IR (film): v = 3429, 3301, 2924, 1454, 1025, 702 cm
-1 
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(1S,2S)-2-methyl-1,4-diphenylbut-3-yn-1-ol (3.63a): To an oven dried Schlenk tube cooled 
under Ar(g) and equipped with a magnetic stir bar was added dichloro bis(triphenylphosphino) 
palladium (II) (9.1 mg, 0.013 mmol, 0.05 equiv.) and copper (I) iodide (5.0 mg, 0.026 mmol, 0.1 
equiv.). A solution of alkyne 3.61a and degassed THF (1 mL) was added, followed by 
iodobenzene (0.04 mL, 0.39 mmol, 1.5 equiv.) and triethylamine (0.11 mL, 0.78 mmol, 3.0 
equiv.). The solution was freeze/pump/thawed and then allowed to stir at room temperature for 
2h. Reaction was diluted with diethyl ether (10 mL), washed with NH4Cl(aq) (10 mL), then brine. 
The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo to yield a 
red oil. Purification by column chromatography, eluting with 5% ethyl acetate/hexanes, yielded 
39 mg (63%) as a yellow oil.  
Rf = 0.52 (20% EtOAc/ hexanes) 
Diastereomeric Ratio = 15:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ =7.44-7.26 (m, 5H), 4.61 (dd, J = 3.6, 6.9 Hz, 1H), 3.07-2.98 (m, 
1H), 2.62 (d, J = 3.9 Hz, 1H), 1.19 (d, J = 6.9 Hz, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 141.6, 131.8, 128.4, 128.4, 128.2, 128.2, 126.8, 123.3, 
90.6, 83.8, 77.8, 36.2, 17.6 
IR (film): v = 3412, 2979, 2231, 1491, 1454, 1027, 756 cm
-1 
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Dimethyl((1R,2S)-2-methyl-1,4-diphenylbut-3-ynyloxy)(vinyl)silane (3.64a): To a flame 
dried 100 mL round bottom flask cooled under Ar(g) and equipped with a magnetic stir bar was 
added alcohol 3.63a (110 mg, 0.47 mmol, 1.0 equiv.) and DCM (5 mL). DMAP (11.8 mg, 0.093 
mmol, 0.2 equiv.) and imidazole (63.3 mg, 0.93 mmol, 2.0 equiv.) were added to the flask and 
the resulting reaction was cooled to 0˚C in an ice-water bath. Vinyldimethyl chlorosilane (0.128 
mL, 0.93 mmol, 2.0 equiv.) was added via syringe portion wise and the resulting reaction was 
stirred in bath. After 4h, the reaction was quenched with NH4Cl(aq) (10 mL), extracted with DCM 
(3 x 15 mL). The organics were dried over sodium sulfate, filtered and concentrated in vacuo to 
yield a yellow oil. Purification by column chromatography, eluting with 1% ethyl 
acetate/hexanes, yielded 120 mg (80%) as a colorless oil. 
Rf = 0.52 (20% EtOAc/ hexanes) 
Diastereomeric Ratio = 15:1 (desired isomer : Σ other diastereomers) 
1
H NMR (300 MHz, CDCl3): δ = 7.40-7.27 (m, 10 H), 6.07 (dd, J = 14.7, 19.5 Hz, 1H), 5.94 
(dd, J = 4.8, 15 Hz, 1H), 5.73 (dd, J = 4.8, 19.8 Hz, 1H), 4.68 (d, J = 6.3 Hz, 1H), 3.00-2.89 (m, 
1H), 1.07 (d, J = 6.9 Hz, 3H), 0.15 (s, 3H), 0.09 (s, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 142.3, 137.7, 133.2, 131.7, 128.3, 127.9, 127.6, 127.6, 
127.1, 124.2, 92.6, 82.3, 78.2, 36.0, 16.7, -1.3, -1.5 
IR (film): v = 3053, 2967, 1492, 1454, 1407 cm
-1 
[α]D
23
 λ 589 nm (c 0.22, CHCl3): -20.4˚ 
Elemental Combustion: Anal. Calcd. for C21H24OSi: C, 78.70; H, 7.55; found: C, 78.79; H, 
7.42. 
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(4R,5R,Z)-2,2,4,5-tetramethyl-3-(1-phenylallylidene)-1,2-oxasilolane (3.65a): In an argon-
filled glovebox, a 50 mL oven dried Schlenk tube equipped with a magnetic stir bar was charged 
with RuHCl(CO)(H2IMes)(PPh3) (3.7 mg, 0.005 mmol, 0.02 equiv.), alkyne 3.64a (76 mg, 0.24 
mmol, 1.0 equiv.) and dichloroethane (1.0 mL). The reaction tube was sealed and removed from 
the glovebox. The reaction mixture was saturated with ethylene (g) and subsequently placed under 
an ethylene atmosphere (balloon). The reaction tube was placed in a preheated 80˚C oil bath and 
stirred for 2h. The reaction was allowed to cool to ambient temperature before filtering through a 
plug of silica eluting with DCM. The filtrate was concentrated in vacuo to yield 83 mg of a 
yellow oil. The oil was purified through preparative thin layer chromatography, eluting with 
100:1 hexanes: ethyl ether, to yield 48 mg (63%) as a clear colorless oil.  
Rf = 0.25 (5% Et2O/ hexanes) 
1
H NMR (300 MHz, CDCl3): δ = 7.34-7.22 (m, 8H), 7.17-7.13 (m, 2H), 6.85 (dd, J = 10.5, 17.1 
Hz, 1H), 5.25 (dd, J = 1.5, 10.5 Hz, 1H), 4.97 (d, J = 2.1 Hz, 1H), 4.91 (dd, J = 1.5, 17.4 Hz, 
1H), 3.36-3.29 (m, 1H), 1.40 (d, J = 7.2 Hz, 1H), 0.27 (s, 3H), -0.44 (s, 3H) 
13
C NMR (75 MHz, CDCl3, 25˚C): δ = 147.6, 145.3, 141.8, 135.4, 129.8, 128.4, 128.3, 128.0, 
127.4, 127.2, 125.9, 119.2, 85.6, 45.0, 22.4, 2.6, -0.3 
IR (film): v = 3029, 2960, 2923, 1601, 1492, 1451, 1251, 1057, 852, 702 cm
-1 
(NOESY Data: See Appendix A) 
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(4S,5S,Z)-2,2,4-trimethyl-5-phenyl-3-(1-phenylallylidene)-1,2-oxasilolane (3.66a): The 
following 
1
H NMR data was obtained by Lauren Kaminsky. It is shown here for comparison 
only. 
1
H NMR (300 MHz, CDCl3): δ = 7.39-7.18 (m, 10H), 6.95 (dd, J = 10.6, 17.2 Hz, 1H), 5.29 (dd, 
J = 1.6, 10.6 Hz, 1H), 5.18 (d, J = 4.4 Hz, 1H), 4.79 (dd, J = 1.6, 17.2 Hz, 1H), 3.38-3.29 (m, 
1H), 0.73 (d, J = 7.2 Hz, 1H), 0.29 (s, 3H), -0.3 (s, 3H) 
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(E)-6-hydroxy-3-phenylhept-2-en-4-one (3.69): To a flame dried 100 mL round bottom flask 
equipped with a magnetic stir bar and charged with a solution of diene 3.44a (110 mg, 0.45 
mmol, 1.0 equiv.) and DMF (18 mL) was added potassium hydrogenfluoride (105 mg, 1.35 
mmol, 3.0 equiv.), acetic anhydride (1.06 mL, 11.25 mmol, 25.0 equiv.), and 30% w/w hydrogen 
peroxide in H2O (1.27 mL, 11.25 mmol, 25.0 equiv.). The reaction was stirred at room 
temperature for 3h until it was judged complete by thin layer chromatography. The reaction was 
poured into a separatory funnel with water (10 mL) and extracted with Et2O (2 x 20 mL). 
Combined organics were washed with water (10 mL) then brine (15 mL), dried over magnesium 
sulfate and filtered through a coarse fritted funnel into a 100 mL round bottom flask equipped 
with a magnetic stir bar. To the crude solution was added DBU (0.068 mL, 0.45 mmol, 1.0 
equiv.) and stirred for 2h at room temperature. Added water (10 mL), separated layers and dried 
organics over magnesium sulfate. Filtered and concentrated in vacuo to yield yellow oil. 
Purification through silica gel column chromatography (1.5 x 9.0 cm) eluting with 20% Et2O in 
hexanes yielded 43 mg (47%) as a clear colorless oil. 
Rf: 0.16 (20% EtOAc/Hex) 
1
H NMR (400 MHz, C6D6): δ = 6.89-6.81 (m, 3H), 6.84-6.66 (m, 2H), 6.37 (q, J = 5.1 Hz, 1H), 
3.98-3.90 (m, 1H), 2.99 (bs, 1H), 2.14 (dd, J = 6.6, 13.2 Hz, 1H), 2.05 (dd, J = 2.7, 13.2 Hz, 1H), 
1.07 (d, J = 5.4 Hz, 3H), 0.79 (d, J = 4.8 Hz, 3H) 
13
C NMR (100 MHz, C6D6): δ = 200.8, 144.4, 139.0, 136.4, 130.4, 128.9, 128.0, 64.6, 48.2, 
23.0, 15.6 
IR (film): v =3481, 2967, 2626, 1671, 1495, 1441, 1262, 1074, 801 cm
-1 
Elemental Combustion: Anal. Calcd. for C13H16O2: C, 76.44; H, 7.90; found: C, 76.68; H, 7.74 
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(E)-3-phenyl-3-(2,2,5-trimethyl-1,2-oxasilolan-3-ylidene)propane-1,2-diol (3.73): A flame 
dried 50 mL round bottom flask equipped with a magnetic stir bar was charged with AD-mix α 
(700 mg, 1.4 g per 1.0 mmol olefin), MeSO2NH2 (74 mg, 0.77 mmol, 1.5 equiv.), water (5 mL), 
and tert-butanol (5 mL). The solution was cooled to 0˚C in an ice-water bath before adding diene 
3.44a (121 mg, 0.5 mmol) via syringe as a 1.0M solution in benzene. The reaction was judged 
complete after 28h. A small amount of sodium sulfite was added to the reaction and stirred for 30 
min. The resulting reaction mixture was extracted with DCM (2 x 10 mL), washed with saturated 
ammonium chloride (10 mL), dried over magnesium sulfate, filtered and concentrated in vacuo 
to yield a crude yellow oil. The crude oil was purified through silica gel column chromatography 
(1.5 x 2.0 cm) eluting with 50% EtOAc in hexanes to yield 89 mg (64%) as light yellow oil. 
Rf: 0.17 (50% EtOAc/Hex) 
1
H NMR (400 MHz, CDCl3): δ (mixture of two diastereomers) = 7.30-7.28 (m, 3H), 7.12-7.09 
(m, 2H), 4.74-4.67 (m, 1H), 4.24-4.08 (m, 1H), 3.58 (ddd, J = 11.32, 11.32, 3.64 Hz, 1H), 3.53-
3.42 (m, 1H), 2.87 (dddd, J = 15.8, 5.56, 5.08, 3.32 Hz, 1H), 2.67 (br s, 2H), 2.24 (dddd, J = 
7.56, 8.28,  Hz, 3H), 1.29 (dd, J = 10.54, 6.06 Hz, 3H), 0.17 (t, J = 53.3 Hz, 6H) 
13
C NMR (100 MHz, CDCl3): δ (mixture of two diastereomers) = 147.8, 147.6, 143.2, 142.9, 
140.6, 140.4, 129.7, 129.6, 128.0, 127.9, 127.7, 73.8, 73.5, 72.6, 72.6, 65.2, 65.1, 40.6, 39.9, 
24.0, 23.8, 0.9, 0.4, 0.0, -0.7 
IR (film): v =3406, 2966, 2927, 1441, 1251, 1071, 831 cm
-1 
Elemental Combustion: Anal. Calcd. for C15H22O3Si: C, 64.71; H, 7.96; found: C, 65.07; H, 
7.87 
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(E)-2-phenyl-2-(2,2,5-trimethyl-1,2-oxasilolan-3-ylidene)acetaldehyde (3.74): To  a stirring 
solution of diol 3.73 (70 mg, 0.25 mmol, 1.0 equiv.) in DCM (2.5 mL) was added PhI(OAc)2 (97 
mg, 0.3 mmol, 1.2 equiv). After stirring for 1h at room temperature, the reaction was judged 
complete by TLC analysis. The reaction was concentrated down and purified through silica gel 
chromatography (1.5 x 8 cm) eluting with 5% ethyl acetate in hexanes to yield 31 mg (50%) as a 
yellow oil. 
Rf: 0.44 (20% EtOAc/Hex) PAA Stain: Tan 
1
H NMR (400 MHz, CDCl3): δ 10.16 (s, 1H), 7.37-7.34 (m, 3 H), 7.14-7.12 (m, 2H), 4.31-4.23 
(m, 1H), 3.51 (dd, J = 17.1, 5.1 Hz, 1H), 2.68 (dd, J = 17.1, 8.2 Hz, 1H), 1.37 (d, J = 6.0 Hz, 
3H), 0.05 (s, 3H), -0.10 (s, 3H) 
13
C NMR (100 MHz, CDCl3): δ 190.6, 165.3, 146.5, 138.0, 129.3, 128.3, 128.3, 72.8, 40.1, 24.0, 
0.4, -0.7 
IR (film): v = 2873, 1679, 1253, 1093, 831 cm
-1 
Elemental Combustion: Anal. Calcd. for C14H18O2Si: C, 68.25; H, 7.36; found: C, 68.15; H, 
7.40  
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(E)-3-(2,2-dimethyl-5-phenyl-1,2-oxasilolan-3-ylidene)-3-phenylpropane-1,2-diol (3.78): A 
flame dried 50 mL round bottom flask equipped with a magnetic stir bar was charged with AD-
mix α (700 mg, 1.4 g per 1.0 mmol olefin), MeSO2NH2 (74 mg, 0.77 mmol, 1.5 equiv.), water (5 
mL), and tert-butanol (5 mL). The solution was cooled to 0 ˚C in an ice-water bath before adding 
diene 3.44c (121 mg, 0.5 mmol) via syringe as a 1.0M solution in benzene. The reaction was 
judged complete by TLC analysis after 19h. A small amount of sodium sulfite was added to the 
reaction and stirred for 30 min. The resulting reaction mixture was extracted with DCM (2 x 10 
mL), washed with saturated ammonium chloride (10 mL), dried over magnesium sulfate, filtered 
and concentrated in vacuo to yield a crude yellow oil. The crude oil was purified through silica 
gel column chromatography (2.5 x 5.0 cm) eluting with 50% EtOAc in hexanes to yield 90 mg 
(53%) as light yellow oil.  
Rf: 0.06 (20% EtOAc/Hex)  
1
H NMR (400 MHz, CDCl3): δ 7.39-7.27 (m, 8H), 7.15-7.11 (m, 2H), 5.03 (dddd, J = 3.1, 5.6, 
8.8, 20.9 Hz, 1H), 4.69 (dddd, J = 3.6, 8.8, 8.9, 30.8 Hz, 1H), 3.54-3.38 (m, 2H), 3.19 (dt, J = 
5.6, 16.2 Hz, 1H), 2.60-2.41 (m, 3H), 0.05 (d, J = 49.5 Hz, 3H), -0.18 (d, J = 48.3 Hz, 3H) 
13
C NMR (100 MHz, CDCl3): δ 147.9, 147.8, 144.5, 144.3, 142.8, 142.6, 140.6, 140.4, 129.7, 
129.5, 128.5, 128.1, 128.0, 127.8, 127.8, 127.4, 127.4, 125.4, 125.4, 77.9, 77.8, 74.0, 73.4, 65.2, 
65.1, 41.9, 41.1, 0.8, 0.2, -0.2, -0.8 
Elemental Combustion: Anal. Calcd. for C20H24O3Si: C, 70.55; H, 7.10; found: C, 70.64; H, 
7.04  
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(E)-2-(2,2-dimethyl-5-phenyl-1,2-oxasilolan-3-ylidene)-2-phenylacetaldehyde (3.79): An 
oven dried 25 mL Schlenk tube was charged with (E)-3-(2,2-dimethyl-5-phenyl-1,2-oxasilolan-
3-ylidene)-3-phenylpropane-1,2-diol 3.78 (70 mg, 0.21 mmol, 1.0 equiv.) and DCM (2.1 mL). 
Added PIDA (89 mg, 0.28 mmol, 1.3 equiv.) and stirred resulting reaction at room temperature 
for 2 hours. The solvents were removed in vacuo and the resulting residue was purified by 
column chromatography (1.5 cm x 10 cm) eluting with 5% EtOAc in hexanes to yield 23 mg 
(35%) as a yellow oil. 
Rf: 0.38 (20% EtOAc/Hex)  
1
H NMR (400 MHz, CDCl3): δ 10.2 (s, 1H), 7.42-7.31 (m, 8 H), 7.18-7.16 (m, 2H), 5.13 (dd, J 
= 5.2, 9.4 Hz, 1H), 3.87 (dd, J = 5.2, 17.3 Hz, 1H), 2.92 (dd, J = 9.4, 17.3 Hz, 1H), 0.21 (s, 3H), 
-0.05 (s, 3H) 
13
C NMR (100 MHz, CDCl3): δ 190.4, 164.2, 146.5, 143.6, 138.0, 129.3, 128.9, 128.4, 127.8, 
125.5, 78.0, 41.2, 0.3, -0.9 
Elemental Combustion: Anal. Calcd. for C19H20O2Si: C, 73.98; H, 6.54; found: C, 73.86; H, 
6.25  
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TD                32768
SOLVENT           CDCl3
NS                   12
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                406.4
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-292
242 
 
 
 
9 8 7 6 5 4 3 2 1 ppm
1
.
2
5
1
.
3
0
1
.
3
1
1
.
3
4
1
.
3
5
1
.
3
6
1
.
3
9
1
.
4
0
1
.
4
5
1
.
4
8
1
.
4
9
1
.
5
0
1
.
5
2
1
.
5
4
1
.
5
5
1
.
5
8
1
.
7
6
1
.
7
7
1
.
8
0
1
.
8
1
1
.
8
3
1
.
8
4
1
.
8
5
1
.
8
7
1
.
8
8
1
.
8
9
1
.
9
8
2
.
0
1
2
.
0
2
2
.
0
3
2
.
1
9
2
.
1
9
2
.
2
0
2
.
2
3
2
.
2
4
4
.
1
6
4
.
1
8
4
.
2
0
4
.
2
1
4
.
2
4
7
.
1
9
7
.
2
1
7
.
2
2
7
.
2
3
7
.
7
5
7
.
7
6
7
.
7
8
7
.
7
8
8
.
2
0
8
.
5
6
8
.
5
6
8
.
5
7
8
.
5
8
1
.7
3
2
.7
6
4
.4
6
2
.7
7
2
.5
6
1
.2
5
1
.1
8
1
.1
6
1
.0
5
1
.0
0
NAME           IA-3-299
EXPNO                 2
PROCNO                1
Date_          20130315
Time              10.46
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                574.7
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300059 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-299
PC
243 
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NAME           IA-3-166
EXPNO                 1
PROCNO                1
Date_          20121117
Time              10.25
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT             D2O
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                228.1
DW              139.200 usec
DE                54.00 usec
TE                295.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1299718 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-166
244 
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NAME           IA-3-167
EXPNO                 1
PROCNO                1
Date_          20121119
Time              10.25
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT            DMSO
NS                   12
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                228.1
DW              139.200 usec
DE                54.00 usec
TE                295.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300008 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-167
245 
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NAME           IA-3-173
EXPNO                 2
PROCNO                1
Date_          20121130
Time              15.11
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1149.4
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-173
B
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NAME           IA-3-170
EXPNO                 3
PROCNO                1
Date_          20121126
Time               9.09
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   12
DS                    0
SWH            5995.204 Hz
FIDRES         0.182959 Hz
AQ            2.7329011 sec
RG                228.1
DW               83.400 usec
DE                54.00 usec
TE                294.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300006 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-170
Post recrystal
nitropyridinone
247 
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NAME           IA-3-202
EXPNO                 1
PROCNO                1
Date_          20121218
Time              18.24
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   12
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  362
DW              139.200 usec
DE                54.00 usec
TE                455.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300060 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-202
248 
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NAME            IA-5-71
EXPNO                 1
PROCNO                1
Date_          20140120
Time              19.17
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               150.82
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300103 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-71
Crude
249 
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NAME            IA-5-71
EXPNO                 2
PROCNO                1
Date_          20140120
Time              19.26
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   50
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                50.16
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127556 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-71
Crude
250 
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NAME            IA-5-72
EXPNO                 1
PROCNO                1
Date_          20140121
Time              19.37
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               150.82
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1299813 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-72
Crude
251 
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NAME            IA-4-39
EXPNO                 2
PROCNO                1
Date_          20130417
Time              11.55
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   14
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  512
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300063 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-4-39
PC
252 
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NAME            IA-4-39
EXPNO                 3
PROCNO                1
Date_          20130502
Time              11.09
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  125
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               5160.6
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           4.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677437 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-4-39
Carbon
253 
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NAME            IA-4-55
EXPNO                 2
PROCNO                1
Date_          20130501
Time               7.33
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   14
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                322.5
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-4-55
PC
254 
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NAME            IA-4-61
EXPNO                 4
PROCNO                1
Date_          20130506
Time              18.21
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1290.2
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300063 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-4-61
PC
255 
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NAME            IA-4-61
EXPNO                 5
PROCNO                1
Date_          20130507
Time              15.47
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  250
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               5792.6
DW               26.550 usec
DE                 6.00 usec
TE                296.2 K
D1           4.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677454 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-4-61
Carbon
256 
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NAME           IA-3-223
EXPNO                 3
PROCNO                1
Date_          20130116
Time              15.43
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                724.1
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-223
PostRecrystal.
257 
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NAME           IA-3-223
EXPNO                 4
PROCNO                1
Date_          20130201
Time              16.07
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                   86
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               2580.3
DW               26.550 usec
DE                 6.00 usec
TE                322.2 K
D1           8.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677402 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-3-223
258 
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NAME           IA-3-256
EXPNO                 2
PROCNO                1
Date_          20130213
Time              16.28
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                406.4
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-256
PC
259 
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NAME           IA-3-256
EXPNO                 5
PROCNO                1
Date_          20141008
Time              20.09
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1024
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                50.16
DW               20.800 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127556 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-3-256
260 
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NAME           IA-3-209
EXPNO                 3
PROCNO                1
Date_          20130108
Time              14.09
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  362
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-209
PC2
261 
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NAME           IA-3-209
EXPNO                 5
PROCNO                1
Date_          20130111
Time              17.38
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                   31
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               2580.3
DW               26.550 usec
DE                 6.00 usec
TE                298.2 K
D1           8.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677489 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-3-209
262 
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NAME            IA-4-18
EXPNO                 4
PROCNO                1
Date_          20130324
Time              11.19
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT             D2O
NS                    6
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  181
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           6.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300063 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-4-18
263 
 
 
  
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
2
0
.
0
9
2
3
.
1
5
4
8
.
9
8
5
5
.
4
1
1
1
4
.
5
3
1
1
8
.
9
3
1
2
4
.
8
7
1
2
6
.
6
4
1
2
7
.
1
1
1
2
8
.
6
1
1
4
4
.
0
3
1
5
2
.
9
6
1
5
4
.
7
2
1
5
9
.
7
1
NAME            IA-4-18
EXPNO                 5
PROCNO                1
Date_          20130324
Time              11.41
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  150
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               5160.6
DW               26.550 usec
DE                 6.00 usec
TE                298.2 K
D1           6.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677414 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-4-18
Carbon
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NAME           IA-5-106
EXPNO                 1
PROCNO                1
Date_          20140211
Time              16.02
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               208.09
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300098 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-106
Crude
265 
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NAME           IA-5-125
EXPNO                 1
PROCNO                1
Date_          20140226
Time              12.16
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                  183
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300033 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-125
Crude
266 
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NAME           IA-5-125
EXPNO                 2
PROCNO                1
Date_          20140226
Time              19.00
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                  750
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                66.01
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           1.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6128152 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-125
267 
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NAME           IA-3-280
EXPNO                 2
PROCNO                1
Date_          20130227
Time               8.21
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  256
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-280
PC
268 
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NAME           IA-3-280
EXPNO                 2
PROCNO                1
Date_          20130227
Time               8.21
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  256
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-280
PC
269 
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NAME           IA-3-281
EXPNO                 2
PROCNO                1
Date_          20130227
Time              13.28
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                912.3
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-281
PC
270 
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NAME           IA-3-281
EXPNO                 3
PROCNO                1
Date_          20130227
Time              19.09
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  512
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               5160.6
DW               26.550 usec
DE                 6.00 usec
TE                298.2 K
D1           6.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677391 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-3-281
Carbon
271 
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NAME           IA-3-284
EXPNO                 4
PROCNO                1
Date_          20130313
Time              16.58
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   12
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                406.4
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-3-284
PC
272 
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NAME           IA-3-284
EXPNO                 5
PROCNO                1
Date_          20130313
Time              18.33
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  145
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               5160.6
DW               26.550 usec
DE                 6.00 usec
TE                298.2 K
D1           6.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677506 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-3-284
Carbon
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NAME           IA-5-150
EXPNO                 1
PROCNO                1
Date_          20140312
Time              13.39
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               208.09
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300037 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-150
274 
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NAME           IA-5-159
EXPNO                 4
PROCNO                1
Date_          20140320
Time              13.46
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               208.09
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300106 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-159
Recrystallized
275 
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NAME           IA-5-194
EXPNO                 1
PROCNO                1
Date_          20140401
Time              14.12
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                74.16
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300107 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-194
PC
276 
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NAME           IA-5-293
EXPNO                 2
PROCNO                1
Date_          20140524
Time              12.56
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               208.09
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300098 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-293
PC
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NAME           IA-5-293
EXPNO                 3
PROCNO                1
Date_          20140524
Time              13.30
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  500
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                50.16
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127541 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-293
PC
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NAME           IA-5-301
EXPNO                10
PROCNO                1
Date_          20140604
Time               8.27
INSTRUM      FOURIER300
PROBHD   5 mm DUL 13C-1
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            6103.516 Hz
FIDRES         0.093132 Hz
AQ            5.3687592 sec
RG              126.041
DW               81.920 usec
DE                 6.50 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        300.1973538 MHz
NUC1                 1H
P1                12.63 usec
SI                65536
SF          300.1955000 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-301
PC
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NAME     3-BocNHpyridine
EXPNO                 1
PROCNO                1
Date_          20140214
Time              15.39
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               208.09
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300098 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
3-BocNHpyridine
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NAME           IA-5-299
EXPNO                20
PROCNO                1
Date_          20140604
Time               8.38
INSTRUM      FOURIER300
PROBHD   5 mm DUL 13C-1
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            6103.516 Hz
FIDRES         0.093132 Hz
AQ            5.3687592 sec
RG              246.818
DW               81.920 usec
DE                 6.50 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        300.1973538 MHz
NUC1                 1H
P1                12.63 usec
SI                65536
SF          300.1955000 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-299
B
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NAME           IA-5-256
EXPNO                 4
PROCNO                1
Date_          20140424
Time              10.05
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                  183
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300000 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-256
2:1 mixture recrystallized
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NAME           IA-5-256
EXPNO                 6
PROCNO                1
Date_          20140424
Time              14.06
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  100
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                74.16
DW               20.800 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127571 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-256
Recrystallized from 20:1 Hex:EtOH
283 
 
 
 
9 8 7 6 5 4 3 2 1 ppm
1
.
5
4
3
.
7
7
7
.
0
8
7
.
1
1
7
.
1
8
7
.
1
8
7
.
2
0
7
.
2
1
7
.
2
1
7
.
2
3
7
.
2
3
7
.
2
8
7
.
2
9
7
.
3
1
7
.
3
1
7
.
3
2
7
.
3
3
7
.
3
4
7
.
4
5
7
.
4
8
7
.
8
5
7
.
8
8
7
.
9
6
7
.
9
9
6
.0
0
1
.9
2
2
.1
2
1
.9
9
1
.9
8
1
.9
8
1
.9
6
NAME           IA-1-281
EXPNO                 1
PROCNO                1
Date_          20111112
Time              11.24
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                 2048
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-1-281
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NAME           IA-1-285
EXPNO                 2
PROCNO                1
Date_          20111117
Time              16.13
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1824.6
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-1-285
Postrecrystallization
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NAME           IA-4-142
EXPNO                 3
PROCNO                1
Date_          20130711
Time              15.53
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            5995.204 Hz
FIDRES         0.182959 Hz
AQ            2.7329011 sec
RG                203.2
DW               83.400 usec
DE                54.00 usec
TE                295.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300060 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-4-142
286 
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NAME           IA-4-196
EXPNO                 5
PROCNO                1
Date_          20140612
Time              19.12
INSTRUM      FOURIER300
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1000
DS                    4
SWH           24414.063 Hz
FIDRES         0.372529 Hz
AQ            1.3422272 sec
RG              501.187
DW               20.480 usec
DE                 6.50 usec
TE                300.2 K
D1           2.00000000 sec
D11          0.03000000 sec
D31          0.00001430 sec
D40          0.02898005 sec
L4                   40
L5                   57
P32               90.00 usec
TD0                   1
======== CHANNEL f1 ========
SFO1         75.4917666 MHz
NUC1                13C
P1                14.30 usec
SI                32768
SF           75.4842096 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-4-196
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HPLC Data:  
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NAME            IA-6-93
EXPNO                 4
PROCNO                1
Date_          20140718
Time               6.47
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT            C6D6
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                31.86
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1299970 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-6-93
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NAME            IA-6-93
EXPNO                 5
PROCNO                1
Date_          20140718
Time               7.18
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT            C6D6
NS                  500
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                66.01
DW               20.800 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127307 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-6-93
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NAME            IA-6-93
EXPNO                 9
PROCNO                1
Date_          20140718
Time               8.56
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   64
DS                    4
SWH           25510.203 Hz
FIDRES         0.389255 Hz
AQ            1.2845556 sec
RG               208.09
DW               19.600 usec
DE                18.00 usec
TE                300.0 K
D1           0.50000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        128.3800442 MHz
NUC1                11B
P1                10.00 usec
SI                32768
SF          128.3776050 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-6-93
B11
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NAME           BINOLS_2
EXPNO                 5
PROCNO                1
Date_          20130919
Time              16.27
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                    8
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                91.52
DW               62.400 usec
DE                10.00 usec
TE                300.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300547 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
3,3'-BisPh BINOL
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NAME           BINOLS_2
EXPNO                 6
PROCNO                1
Date_          20130919
Time              16.25
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   31
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                66.01
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127588 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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HPLC Data:  
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NAME             BINOLS
EXPNO                 1
PROCNO                1
Date_          20130327
Time              23.20
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                322.5
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
3,5 dimethyl
295 
 
 
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
2
1
.
5
4
7
6
.
8
4
7
7
.
1
6
7
7
.
4
7
1
1
2
.
9
3
1
2
4
.
2
8
1
2
4
.
5
3
1
2
7
.
2
2
1
2
7
.
4
7
1
2
8
.
4
8
1
2
9
.
5
1
1
2
9
.
6
5
1
3
0
.
9
9
1
3
1
.
0
7
1
3
3
.
1
5
1
3
7
.
4
0
1
3
8
.
2
9
1
5
0
.
1
2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
296 
 
 
HPLC Data: 
  
297 
 
 
 
9 8 7 6 5 4 3 2 1 ppm
5
.
3
7
7
.
2
2
7
.
2
5
7
.
2
6
7
.
3
9
7
.
4
0
7
.
4
2
7
.
4
2
7
.
4
3
7
.
4
4
7
.
4
5
7
.
4
6
7
.
4
6
7
.
4
8
7
.
4
9
7
.
5
1
7
.
5
1
7
.
9
2
7
.
9
9
8
.
0
1
8
.
0
2
8
.
1
2
8
.
2
3
1
.9
6
2
.1
1
4
.2
5
2
.0
6
2
.0
2
2
.0
4
4
.0
0
NAME             BINOLS
EXPNO                 4
PROCNO                1
Date_          20130327
Time              23.38
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                322.5
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
3,3'- (3,5 bis CF3) BINOL
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NAME           BINOLS_2
EXPNO                 4
PROCNO                1
Date_          20130917
Time              22.31
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1024
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127551 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
124126128130132 ppm
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HPLC Data: 
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NAME             BINOLS
EXPNO                42
PROCNO                1
Date_          20130717
Time              13.33
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            5995.204 Hz
FIDRES         0.182959 Hz
AQ            2.7329011 sec
RG                  256
DW               83.400 usec
DE                54.00 usec
TE                296.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300068 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
3,3'-bis(4-CF3) BINOL
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NAME           BINOLS_2
EXPNO                 1
PROCNO                1
Date_          20130917
Time              19.22
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1024
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127557 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
3,3'-bis(4-CF3) BINOL
124126128130 ppm
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HPLC Data: 
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NAME             BINOLS
EXPNO                 6
PROCNO                1
Date_          20130405
Time              15.47
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                574.7
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300062 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
3,3' bis(4-NO2) BINOL
304 
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NAME           IA-4-234
EXPNO                 2
PROCNO                1
Date_          20130926
Time               1.43
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1500
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                66.01
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127542 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
Ia-4-230
4-NO2
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HPLC Data: 
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NAME           IA-4-233
EXPNO                50
PROCNO                1
Date_          20131003
Time              15.59
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   12
DS                    0
SWH            5995.204 Hz
FIDRES         0.182959 Hz
AQ            2.7329011 sec
RG                287.4
DW               83.400 usec
DE                54.00 usec
TE                683.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-4-233
307 
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NAME           IA-4-233
EXPNO                 3
PROCNO                1
Date_          20130930
Time              18.21
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  400
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127593 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
ia-4-233
carbon
4-OMe
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HPLC Data: 
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NAME             BINOLS
EXPNO                41
PROCNO                1
Date_          20130716
Time              15.46
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            5995.204 Hz
FIDRES         0.182959 Hz
AQ            2.7329011 sec
RG                161.3
DW               83.400 usec
DE                54.00 usec
TE                295.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
3,3' bis(2-Naphthyl) BINOL
310 
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NAME           IA-4-232
EXPNO                 2
PROCNO                1
Date_          20130923
Time              19.31
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1024
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                66.01
DW               20.800 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127548 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
2-Naphthyl
Carbon
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HPLC Data: 
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NAME           IA-4-243
EXPNO                 3
PROCNO                1
Date_          20131014
Time              16.36
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                    8
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               208.09
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300402 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-4-243
1-Naphthyl
313 
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NAME           IA-4-243
EXPNO                 4
PROCNO                1
Date_          20131014
Time              17.08
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  500
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                66.01
DW               20.800 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127556 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-4-243
1-Naphthyl
314 
 
 
HPLC Data: 
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NAME           IA-4-198
EXPNO                10
PROCNO                1
Date_          20130904
Time               9.08
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   12
DS                    0
SWH            5995.204 Hz
FIDRES         0.182959 Hz
AQ            2.7329011 sec
RG                228.1
DW               83.400 usec
DE                54.00 usec
TE                293.2 K
D1           4.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-4-198
316 
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NAME           IA-4-198
EXPNO                11
PROCNO                1
Date_          20130904
Time              21.55
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1500
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                80.84
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127541 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
317 
 
 
HPLC Data:  
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NAME           IA-4-202
EXPNO                22
PROCNO                1
Date_          20130916
Time              12.01
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                  183
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300098 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-4-202
319 
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NAME           IA-4-202
EXPNO                10
PROCNO                1
Date_          20130904
Time              23.27
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1500
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                66.01
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127556 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
320 
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NAME           IA-6-100
EXPNO                 2
PROCNO                1
Date_          20140723
Time              18.37
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               134.49
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-6-100
PC
321 
 
 
  
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
-
0
.
4
5
0
.
5
1
4
1
.
9
1
7
7
.
6
6
1
1
8
.
8
4
1
2
6
.
0
4
1
2
7
.
2
5
1
2
7
.
3
0
1
2
7
.
4
5
1
2
8
.
0
4
1
2
8
.
8
8
1
2
9
.
7
5
1
3
5
.
7
7
1
4
0
.
3
5
1
4
1
.
2
1
1
4
1
.
6
1
1
4
2
.
8
4
1
4
3
.
8
4
1
4
7
.
4
8
NAME           IA-6-100
EXPNO                 4
PROCNO                1
Date_          20140723
Time              19.30
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  900
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127556 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-6-100
PC
322 
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NAME           IA-2-165
EXPNO                 2
PROCNO                1
Date_          20120504
Time              18.47
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  362
DW              139.200 usec
DE                54.00 usec
TE                295.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300063 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-165
PC
323 
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NAME           IA-2-169
EXPNO                 2
PROCNO                1
Date_          20120509
Time              16.21
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                  362
DW              139.200 usec
DE                54.00 usec
TE                295.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-169
PC
324 
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NAME           IA-5-102
EXPNO                 1
PROCNO                1
Date_          20140208
Time              14.53
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               208.09
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300098 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-102
PC
325 
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NAME           IA-5-102
EXPNO                 2
PROCNO                1
Date_          20140208
Time              15.10
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  100
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                74.16
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127541 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-102
PC
326 
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NAME           IA-5-101
EXPNO                 6
PROCNO                1
Date_          20140210
Time              14.47
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                  183
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300374 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-101
327 
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NAME           IA-5-101
EXPNO                 7
PROCNO                1
Date_          20140210
Time              15.28
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  500
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                80.84
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127549 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-101
328 
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NAME           IA-5-108
EXPNO                 1
PROCNO                1
Date_          20140212
Time              19.56
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                58.33
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-108
329 
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NAME           IA-5-108
EXPNO                 2
PROCNO                1
Date_          20140212
Time              20.16
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  150
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                91.52
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127563 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-108
330 
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NAME            IA-2-17
EXPNO                 2
PROCNO                1
Date_          20111213
Time              11.17
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1149.4
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300063 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-17
PostRecrystallization
331 
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NAME            IA-2-23
EXPNO                 2
PROCNO                1
Date_          20111221
Time              16.09
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1448.2
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-23
Crop 2
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NAME            IA-2-25
EXPNO                 2
PROCNO                1
Date_          20111219
Time              16.13
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1149.4
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300062 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-25
Second Crop
333 
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NAME            IA-2-35
EXPNO                 2
PROCNO                1
Date_          20120116
Time              10.00
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                 1024
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-35
PostRecrystallization
335 
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NAME            IA-2-36
EXPNO                 2
PROCNO                1
Date_          20120116
Time              10.06
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                 1024
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-36
PostRecrystallization
336 
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NAME            IA-2-50
EXPNO                 2
PROCNO                1
Date_          20120130
Time              13.37
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1625.5
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-50
337 
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NAME            IA-2-50
EXPNO                 5
PROCNO                1
Date_          20120215
Time              11.10
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                   50
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG                 8192
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           8.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677190 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-50
Carbon
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NAME            IA-2-50
EXPNO                 6
PROCNO                1
Date_          20120215
Time              11.20
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG         dept135
TD                65536
SOLVENT           CDCl3
NS                  128
DS                    4
SWH           17985.611 Hz
FIDRES         0.274439 Hz
AQ            1.8219508 sec
RG               5792.6
DW               27.800 usec
DE                 6.00 usec
TE                297.2 K
CNST2       145.0000000
D1           2.00000000 sec
d2           0.00344828 sec
d12          0.00002000 sec
DELTA        0.00001496 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                11.75 usec
p2                23.50 usec
PL1                0.00 dB
SFO1         75.4752653 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
P3                 9.75 usec
p4                19.50 usec
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677190 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-50
Dept
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NAME            IA-2-55
EXPNO                 1
PROCNO                1
Date_          20120203
Time              11.58
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   11
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1149.4
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300060 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-55
Crude
340 
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NAME            IA-2-40
EXPNO                 4
PROCNO                1
Date_          20120119
Time               9.39
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   11
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                322.5
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300060 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-40
PostColumn (higher Rf)
341 
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NAME            IA-2-52
EXPNO                 2
PROCNO                1
Date_          20120201
Time              12.10
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                812.7
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300060 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-52
unknown
342 
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NAME            IA-2-52
EXPNO                 4
PROCNO                1
Date_          20120215
Time              15.45
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT             D2O
NS                   75
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG                 8192
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           8.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4675477 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-52
Carbon
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NAME           IA-2-113
EXPNO                15
PROCNO                1
Date_          20120316
Time               8.10
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                   45
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG                 3251
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           0.40000001 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677471 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-113
Carbon
344 
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NAME            IA-2-43
EXPNO                12
PROCNO                1
Date_          20120315
Time               8.12
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                574.7
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           3.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300059 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-43
345 
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NAME            IA-2-43
EXPNO                15
PROCNO                1
Date_          20120316
Time               8.21
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                   57
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               5160.6
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           0.40000001 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677425 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-43
Carbon
346 
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NAME            IA-2-67
EXPNO                 2
PROCNO                1
Date_          20120209
Time              16.42
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   11
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                574.7
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300060 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-67
PostColumn
347 
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NAME           IA-2-118
EXPNO                 2
PROCNO                1
Date_          20120315
Time               8.22
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                574.7
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           3.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300059 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-118
Fr 2
348 
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NAME           IA-2-118
EXPNO                 6
PROCNO                1
Date_          20120316
Time               8.14
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                   38
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               5160.6
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           0.40000001 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677431 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-118
Carbon
349 
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NAME           IA-2-121
EXPNO                 2
PROCNO                1
Date_          20120319
Time               9.29
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                   57
DW              139.200 usec
DE                54.00 usec
TE                299.2 K
D1           3.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300062 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-121
350 
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NAME           IA-2-121
EXPNO                 5
PROCNO                1
Date_          20120322
Time              11.47
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  108
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               2580.3
DW               26.550 usec
DE                 6.00 usec
TE                300.2 K
D1           0.40000001 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677385 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-121
Carbon
351 
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NAME            IA-2-71
EXPNO                 1
PROCNO                1
Date_          20120213
Time              17.53
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            4789.272 Hz
FIDRES         0.146157 Hz
AQ            3.4210291 sec
RG               1149.4
DW              104.400 usec
DE                54.00 usec
TE                296.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300059 MHz
WDW                  EM
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
IA-2-71
352 
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NAME            IA-2-71
EXPNO                 2
PROCNO                1
Date_          20120216
Time              15.29
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT             D2O
NS                   60
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG                 8192
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           8.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677456 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-71
Carbon
353 
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NAME            IA-2-72
EXPNO                 1
PROCNO                1
Date_          20120214
Time              17.12
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            4194.631 Hz
FIDRES         0.128010 Hz
AQ            3.9059956 sec
RG               1290.2
DW              119.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1321009 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
IA-2-72
Cruyde
354 
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NAME            IA-2-86
EXPNO                 2
PROCNO                1
Date_          20120224
Time              16.55
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                912.3
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-86
PostColumn
355 
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NAME            IA-2-86
EXPNO                 3
PROCNO                1
Date_          20120227
Time               8.40
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG                 8192
DW               26.550 usec
DE                 6.00 usec
TE                296.2 K
D1           3.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677379 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-86
Carbon
356 
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NAME            IA-2-83
EXPNO                 1
PROCNO                1
Date_          20120222
Time              16.54
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                724.1
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-83
357 
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NAME            IA-2-83
EXPNO                 3
PROCNO                1
Date_          20120224
Time               8.39
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  200
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               2896.3
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           4.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677402 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-83
Carbon
358 
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NAME            IA-2-95
EXPNO                 2
PROCNO                1
Date_          20120302
Time              11.05
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                812.7
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300062 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-95
Postcolumn
359 
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NAME            IA-2-99
EXPNO                 2
PROCNO                1
Date_          20120305
Time              18.57
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                    8
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG               1149.4
DW              139.200 usec
DE                54.00 usec
TE                296.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300062 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-99
PostColumn
361 
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NAME            IA-2-99
EXPNO                 3
PROCNO                1
Date_          20120305
Time              19.11
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  120
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG                 2048
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           4.00000000 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677402 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-99
Carbon
362 
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NAME           IA-2-116
EXPNO                 2
PROCNO                1
Date_          20120313
Time              15.33
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                143.7
DW              139.200 usec
DE                54.00 usec
TE                298.2 K
D1           5.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-116
PostColumn
363 
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NAME           IA-2-116
EXPNO                 7
PROCNO                1
Date_          20120315
Time              19.25
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                  163
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               9195.2
DW               26.550 usec
DE                 6.00 usec
TE                298.2 K
D1           0.40000001 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677408 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-116
364 
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NAME           IA-2-137
EXPNO                 4
PROCNO                1
Date_          20120330
Time              19.13
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG              zg
TD                32768
SOLVENT           CDCl3
NS                   16
DS                    0
SWH            3591.954 Hz
FIDRES         0.109618 Hz
AQ            4.5613556 sec
RG                 90.5
DW              139.200 usec
DE                54.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                 1H
P1                 9.75 usec
PL1                0.00 dB
SFO1        300.1315007 MHz
SI                32768
SF          300.1300061 MHz
WDW                  EM
SSB                   0
LB                 0.20 Hz
GB                    0
PC                 1.00
IA-2-137
365 
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NAME           IA-2-137
EXPNO                 5
PROCNO                1
Date_          20120330
Time              19.17
INSTRUM           spect
PROBHD   5 mm QNP  1H/1
PULPROG          zgdc30
TD                65536
SOLVENT           CDCl3
NS                   51
DS                    4
SWH           18832.393 Hz
FIDRES         0.287360 Hz
AQ            1.7400308 sec
RG               2580.3
DW               26.550 usec
DE                 6.00 usec
TE                297.2 K
D1           0.40000001 sec
d11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
NUC1                13C
P1                12.00 usec
PL1                0.00 dB
SFO1         75.4760200 MHz
======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             95.00 usec
PL2                0.00 dB
PL12              18.00 dB
SFO2        300.1312005 MHz
SI                32768
SF           75.4677403 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-2-137
Carbon
366 
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NAME           IA-4-260
EXPNO                 2
PROCNO                1
Date_          20131018
Time              15.28
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT            C6D6
NS                    8
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                  183
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1299969 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-4-260
Post 1.0 eq DBU
368 
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NAME           IA-4-265
EXPNO                 2
PROCNO                1
Date_          20131024
Time              22.04
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                    8
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                31.86
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1299381 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-4-265
370 
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NAME           IA-4-265
EXPNO                 4
PROCNO                1
Date_          20131024
Time              22.57
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   21
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127601 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-4-265
371 
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NAME            IA-5-20
EXPNO                 1
PROCNO                1
Date_          20131205
Time              13.09
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                66.01
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-20
PC
372 
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NAME            IA-5-20
EXPNO                 2
PROCNO                1
Date_          20131205
Time              13.19
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  150
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127563 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-20
PC
373 
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NAME            IA-5-25
EXPNO                 2
PROCNO                1
Date_          20131211
Time              17.36
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                31.86
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-25
PC
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NAME            IA-5-25
EXPNO                 3
PROCNO                1
Date_          20131211
Time              17.46
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   50
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127614 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-25
PC
375 
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NAME            IA-5-28
EXPNO                 1
PROCNO                1
Date_          20131213
Time              14.21
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   12
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG               150.82
DW               62.400 usec
DE                10.00 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                12.00 usec
SI                65536
SF          400.1300098 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
IA-5-28
376 
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NAME            IA-5-28
EXPNO                 2
PROCNO                1
Date_          20131213
Time              14.38
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  100
DS                    4
SWH           24038.461 Hz
FIDRES         0.366798 Hz
AQ            1.3631988 sec
RG                58.33
DW               20.800 usec
DE                18.00 usec
TE                300.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
SI                32768
SF          100.6127556 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
IA-5-28
377 
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